SPEECH RECOGNITION BASED INTERACTIVE INFORMATION 
RETRIEVAL SCHEME USING DIALOGUE CONTROL TO REDUCE 
USER STRESS 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present Invention relates to a speech recognition 
10 based Interactive information retrieval scheme aimed at 
retrieving: user's intended Information through a speech 
dlalog^ue with a user. 

DESCRIPTION OF THE BACKGROUND ART 

15 The computer based speech recognition processing is a 

processing for matching a user Input speech with a 
recognition target database, and calculating a similarity 
of the input speech with respect to every word in the 
database as a recognition likelihood. The current 

20 recognition technology has a limitation on the number of 
recognition target words for which the recognition result 
can be outputted within a real dialogue processing time, 
and a considerable amount of time is required until 
returning a response to the user when the number of 

25 recognition target words exceeds this limit. Also, a 

lowering of the recognition accuracy due to an increase of 
the recognition target words is unavoidable. Moreover t the 
recognition accuracy is largely dependent on speakers and 
speech utterance environments, and a lowering of the 

30 recognition accuracy due to surrounding noise or a lowering 
of the recognition accuracy due to incompleteness of the 
input speech uttered by a speaker can occur even in the 
case where a recognition device has high performance and 
accuracy, so that there is no guarantee for being able to 

35 always obtain 100% accuracy. 
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The conventional speech recognition based Interactive 
Information retrieval system carries out the recognition 
processing using a speech recognition device with respect 
to a user's Input speech, keeps a user awaiting until the 
5 processing is finished, and presents candidates obtained as 
a result of the recognition to the user sequentially In a 
descending order of recognition likelihood by repeating the 
presentation of candidates until a correct one la confirmed 
by the user. 

10 On the other hand, in the case of utilizing speech as 

interface for the information providing service, the real 
time performance and the accuracy are required. When there 
are many recognition target words » the target information 
Is classified by an attribute tree formed by a plurality of 

15 hierarchical levels. Lower level attributes have a greater 
possibility of having the number of attribute values that 
exceeds the number that can be processed within the real 
dialogue processing time. In order to ascertain the user's 
Intended target information, there is a need to determine 

20 an attribute value at each level, but a higher level 

attribute value can be automatically determined by tracing 
the tree once a lower level attribute value is determined 
(provided that the determined lower level attribute value 
and the related lower level attribute value are in one-to- 

25 one correspondence without any overlap). Consequently, It 
is possible to expect that the target information can be 
ascertained in short time If it is possible to ascertain 
the lower level attribute value first. 

However, the conventional speech recognition based 

30 interactive Information retrieval system does not allow the 
user to Input the lower level attribute value first In view 
of the recognition error and the number of words that can 
be processed within a time that does not spoil naturalness 
of the dialogue with the user. Namely, it has been 

35 necessary to adopt a method for narrowing the recognition 
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target words down to the number of data that can be 
processed within the real dialogue processing time by first 
asking a query for the higher level attrlbut for which the 
number of attribute values is small and requesting Input, 
5 determining the attribute value by repeating presentation 
of candidates obtained as a result of the recognition in a 
descending order of recognition likelihood until the 
entered attribute value can be determined, and selecting 
only those attribute values that are related to the 

10 determined higher level attribute value among the next 
level attribute values as the next recognition target. . 

Such a conventional method cannot narrow down the next 
level recognition target attribute values unless the higher 
level attribute value is determined so that the 

15 presentation of candidates to the user is repeated until 

the higher level attribute value is determined. However, in 
this conventional method, a process including the attrlbut 
value input request, the candidate presentation and 
confirmation until the attribute value is determined for 

20 each attribute, and the narrowing down of the next level 
attribute values after the attribute value determination, 
is required to be repeated as many times as the number of 
hierarchical levels Involved in order to ascertain the 
target Information* and this number of repetition is 

25 greater for the target information that has deeper 
attribute hierarchical levels, so that it has been 
difficult to ascertain the target information efficiently. 

In a system for ascertaining a target information from 
an Information database that comprises the number of words 

30 exceeding the number that can be processed within the real 
dialogue processing time, in order to determine the (lower 
level) attribute value from which the target Information 
can be ascertained, the user is kept awaiting during the 
recognition processing and the confirmation process for 

35 sequentially presenting the recognition result Is carried 
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out. However, when It is difficult to d termine the correct 
attribute value smoothly due to recognition errors, it Is 
necessary to repeat the confirmation process many times 
despite of the fact that the user has already been kept 
5 awaiting, and this can make the dialogue unnatural and 
cause a great stress on the user. 

Consequently, in the current system based on the 
current speech recognition technology, it is impossible to 
allow the user's input starting from the lower level 

10 attribute value such that a reasonably accurate response 
can be returned without requiring a wait time to the user, 
and it is necessary to request the user's input 
sequentially from the higher level attribute value and 
repeat the attribute value determination. The recognition 

15 target words of the lower level are to be narrowed down by 
determining the higher level attribute value, so that the 
dialogue cannot proceed further until the higher level 
attribute value is determined. In other words, there Is a 
need for the confirmation process until it becomes possible 

20 to determine the entered attribute value at each level. 
If it is possible to ascertain the lower level 
attribute value first, the higher level attribute value can 
be ascertained automatically so that the target information 
can be ascertained efficiently, and in view of this fact. 

25 the currently used process for repeating query, 
determination and confirmation process until the 
determination with respect to each query sequentially from 
the higher level Is very circumlocutory or circuitous for 
the user. 

30 In particular, the user is forced to enter input from 

the higher level because input from the lower level is not 
allowed, the presentation and confirmation process must be 
repeated when it is not possible to obtain a correct 
attribute value as a top candidate due to recognition 

35 errors, and the attribute value input and the confirmation 
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process must be repeated as many times as the number of 
hierarchical levels involved until the target information 
is ascertained (the lowest level attribute value Is 
determined) even after determining each Input by several 
5 trials of the presentation and confirmation process. 

Although these are indispensable processes for the system, 
they appear as very circuitous and superfluous processes 
for the user who prefers natural and short dialogues, and 
cause a ereat stress on the user. 

10 As a method for ascertaining the target information 

while reducing stress on the user, allowing the user's 
Input from the lower level attribute value can be 
considered, but this requires the determination of the 
attribute value that has the number of recognition target 

15 words exceeding the number that can be processed within the 
real dialogue processing time. 

Also, In the computer based speech recognition 
processing, the recognition of speeches by unspecified 
speakers and speeches uttered at irregular utterance speed 

20 are particularly difficult, and in addition the degradation 
of speech quality due to surrounding noise or the like can 
make 100% speech recognition accuracy practically 
Impossible p so that the Instantaneous determination of a 
speech retrieval key that is entered as the user's speech 

25 input is difficuli:. 

Also, in the speech recognition based interactive 
information retrieval system, in order to realize the 
natural dialogues with the user» it is prerequisite for the 
system to return a response to the user's input in real 

30 time that does not appear unnatural to the human sense. 
However, there is a limit to the number of words that can 
be speech recognition processed within a prescribed period 
of time. For this reason, when the recognition target is a 
large scale database having the number of words that cannot 

35 be processing within a prescribed period of time, it is 
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difficult to achieve the task requested by the user within 
a prescribed period of time through natural dialogues 
between the user and the system, without making the user 
conscious of the processing time required for the 
5 information retrieval at a time of the speech recognition 
processing by the system as well as the Incompleteness of 
the speech recognition accuracy by the system. 

Consequently It is necessary to keep the user awaiting 
while the system outputs the recognition processing result 

10 and when the presented result turns out to be the 

recognition error it is necessary to keep the user awaiting 
further until another recognition result is presented, so 
that It Is difficult to construct a system using speech as 
input interface that has both quickness and accuracy 

15 equivalent to a human operator based system, according to 
the current speech recognition technology. 

Also, in the conventional retrieval method aiming at 
the determination of the retrieval key requested by the 
user with respect to a large scale database that cannot be 

20 processed In real time, because of the limitation on the 
number of data that can be speech recognition processed In 
real time, the user is urged to enter a retrieval assist 
key that can lead to the narrowing down of the retrieval 
key candidates such that the recognition targets can be 

25 reduced from the entire large scale database to the number 
of data that can be processed in real time, without 
allowing the user to enter the requested retrieval key 
immediately. 

Here, the retrieval assist keys are selected to be 
30 data formed by the number of data that can be processed in 
real time» such that each retrieval key to be requested by 
the user always has one retrieval assist key as its higher 
level key, the retrieval assist key (higher level key) of 
the retrieval key to be requested Is simple and obvious to 
35 the user, and lower level keys (the retrieval keys to be 
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requested by the user) belonsin? to one retrieval assist 
key are formed by the number of data that can be processed 
In real time, so as to enable the determination of the 
retrieval key. 

5 Also, in the conventional retrieval method aimed at 

the determination of the retrieval key requested by the 
user uslne the speech Input, the speech recosnltlon 
processinir with respect to the retrieval assist key (higher 
level key) is carried out first, and the obtained retrieval 

10 assist key (hleher level key) candidates are presented to 
the user sequentially In a descending order of the 
recognition likelihood until a response indicating it Is a 
correct one Is obtained. When the retrieval assist key Is 
determined, the retrieval key (lower level key) candidates 

15 having the determined retrieval assist key as the higher 

level key are extracted as the recognition target data, and 
the input of the retrieval key (lower level key) that the 
user really wants to request is urged to the user. 
Similarly as for the retrieval assist key, the retrieval 

20 key is determined by presenting the retrieval key 

candidates obtained by the speech recognition processing to 
the user sequentially In a descending order of recogmltion 
likelihood until a response Indicating It is a correct one 
Is obtained. 

25 As such, the current speech recognition technologry has 

a limit to the number of words for which the matching with 
the speech recognition database, the recognition likelihood 
calculation and the recognition result output can be 
carried out in real time, so that a longer recognition tlm 

30 is required when the number of recognition target words is 
increased. In the speech retrieval system using speech as 
Input Interface, when the recognition target is a large 
scale database, keeping the user awaiting during the speech 
recognition processing by the system can cause stress on 

35 the user, so that the current system carries out the 
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narrowlns down of the recogrnltlon target by utillilng the 
attribute values of the attribute Items that each 
recognition target data has, so as to be able to output the 
recognition result In real time* 
5 However, the current speech recognition technology Is 

such that the 100% speech recognition accuracy cannot be 
attained even when the recognition target is narrowed down 
to the number of words that can be processed In real time. 
In particular, the recognition of speeches by unspecified 

10 speakers, speeches uttered at Irregular utterance speed, 
and speech uttered under the noisy environment are 
particularly difficult, so that the confirmation process 
for confirming the recognition result to the user is 
indispensable in order to ascertain the input speech. The 

15 confirmation process Is a process for presenting the 

recognition candidates obtained by the speech recognition 
processing to the user sequentially In a descending order 
of recognition likelihood. The number of confirmation 
processes becomes larger for the poorer input speech 

20 recognition accuracy. However, the user demands the Input 
interface to have a handling equivalent to the human 
operator, so that the repeated confirmation processes can 
cause stress on the user. 

In the current speech recognition based Inreractlve 

25 Information retrieval system using a large scale database 
as the recognition target, the attribute value Input for 
the attribute item in order to narrow down the recognition 
target to the number that can be processed in real time Is 
urged, and then the user's requested retrieval key input Is 

30 urged when the recognition target is narrowed down 

according to the attribute values, so that the confirmation 
process Is required for both the attribute value and the 
retrieval key. The attribute value Input is an 
indispensable process in realising the real time 

3S recognition processing from a viewpoint of the system, but 



-8- 



It Is circuitous for the user because the retrieval key 
that the. user really wants to request cannot be entered 
liDffiedlately » and the confirmation processes are repeated 
twice p once for the attribute value detection and another 
5 . for the retrieval key determination, which cause further 
stress on the user. 

Also, the retrieval system uslne speech as Input 
interface and having a lar^e scale database as the 
recognition and retrieval target is aiming at providing 

10 quick and accurate responses to the user such that the user 
may have an illusion of dialogue with a human operator, so 
that It has been necessary to adopt a query format that can 
lead to the narrowing down of the number of recognition 
target words effectively for the system such that the 

15 recognition processing time and the recognition accuracy 
can be compensated* For this reason, without allowing the 
input of the retrieval key that the user really wants to 
request immediately, the retrieval assist key that can lead 
to the narrowing down of the retrieval key Is determined 

20 first. However, the user is forced to enter the Input of 
the retrieval assist key first rather than the retrieval 
key that the user really wants to request and then urged to 
enter the retrieval key only after the retrieval assist key 
is determined, so that this process may appear to the user 

25 as if a superfluous process for the user (Indispensable 
process for the system) is forced before the input of the 
retrieval key that the user really wants to request and can 
cause stress on the user. 

30 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a speech recognition based interactive information 
35 retrieval scheme capable of ascertaining the target 
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information by determlnins the attribute values without 
making the user conscious of the time required for the 
speech recoirnition processing and the retrieval, and 
without causing unnatural dialogues with the user due to 
5 incompleteness of the speech recognition processing. In 
this scheme, in a process for determining the attribute 
value necessary in order to ascertain the target 
information, the recognition target attribute value can be 
determined even when the number of attribute values exceeds 

10 the number that can be processed within a prescribed period 
of time, by utilizing a method for narrowing down the 
recognition target words that can return a response with a 
tolerable level of accuracy for the user without making the 
user to have a feeling of being kept awaited, and a method 

15 for ascertaining input that can realize the reduction or 
the omission of the confirmation processes. 

It is another object of the present Invention to 
provide an operator-less speech recognition based 
Interactive information retrieval scheme using speech 

20 dialogues based on the dialogue control which Is capable of 
determining the retrieval key entered by the user through 
natural dialogues. In this scheme, the retrieval key can be 
determined using a large scale database having the 
retrieval target words that cannot be processed within a 

25 prescribed period of time, without making the user 

conscious of the time required for the speech recognition 
processing and the database matching, and without causing 
unnatural dialogues with the user due to incompleteness of 
the speech recognition processing, such that the task of 

30 determining the speech retrieval key entered by the user 
can be achieved in the operator-less speech recognition 
based interactive information retrieval system, without 
making the user conscious of the waiting time, through 
dialogues that have both quickness and naturalness 

35 equivalent to a human operator based system. 
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It is another object of the present Invention to 
provide a speech recognition based interactive information 
retrieval scheme using a large scale database as the 
recognition target, which is capable of ascertaining a 
5 retrieval key entered by the speech input while reducing 
stress on the user. In this scheme, the rerrieval key is 
ascertained without carrying out the attribute value 
determination, such that the confirmation process for the 
purpose of determining the attribute value is eliminated 

10 and the circuity due to the confirmation process is 
eliminated, while the processing time required for the 
retrieval key determination is shortened. 

It is another object of the present invention to 
provide a speech recognition based interactive information 

15 retrieval scheme capable of realizing the retrieval that 
has both quickness and naturalness In determining the 
retrieval key from a large scale database. In this scheme, 
the recognition and the retrieval are carried out without 
making the user conscious of the waiting time and 

20 Incompleteness of the recognition accuracy during the 
recognition even when the retrieval key that the user 
really wants to request is entered immediately at the 
beginning, by utilizing the bias In the access frequencies 
of data in the large scale database, in the retrieval aimed 

25 at determining the retrieval key entered by the user using 
the large scale database as the recognition target. 

First, in the first scheme of the present invention, 
at a time of determining the attribute value of the 
atrribute having the number of attribute value candidates 

30 exceeding the number than can be processed within the real 
dialogue processing time in the information database, the 
Importance levels are assigned to a set of the recognition 
target attribute values (recognition target words) of that 
attribute according to the bias of the past access 

35 frequencies or the like, and the priority recognition 
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processing with respect to data with a higher Importance 
level Is carried out. In order to return a response having 
a tolerable level of accuracy for the user within such a 
time that the user does not sense any stress and 
5 unnaturalness in response to the input of the retrieval 
target attribute . 

Namely, the number of attribute values (the number 
specified by the system » which is assumed to be N) that can 
be processed within the real dialogue processing time by 

10 the speech recognition device are selected as the 

prioritized recognition target words according to the 
importance levels, and the speech recognition processing is 
carried out at a higher priority for these prioritized 
recognition target words. 

15 Then, based on a comparison of a prescribed threshold 

and the recognition likelihood with respect to each 
attribute value candidate that is calculated from the 
recognition result, for example, when a prescribed 
condition for Judging that the attribute value can be 

20 ascertained only by the confirmation process with the user 
is satisfied » the confirmation process for presenting the 
result to the user is attempted. 

In the recognition processing for the prioritized 
recognition target words, the prioritized recognition 

25 target words are formed by those attribute values that have 
higher possibility of being accessed, from the attribute 
values if the attribute that exceed the number than can be 
processing within the real dialogue processing time, so 
that appropriate recognition result can be presented at 

30 this point in many cases with respect to the most users. 
When the above condition for Judging that the 
attributed value can be ascertained only by the 
confirmation process is not satisfied, either the target 
attribute value is not contained in the prioritized 

35 recognition target words, or the accuracy of the 
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recognition device Is poor so that a correct one was not 
obtained as leading candidates. In this case, the dialogue 
Is proceeded to a related information query, where other 
hierarchically adjacent attribute is queried, tor example, 
5 and the attribute value Is determined by cross-checking the 
recognition result of the other attribute and the earlier 
recognition result such that the conventionally used 
repetition of the confirmation processes starting from the 
leading candidates is eliminated and thereby the user 
10 stress is eliminated. 

One of the features of this first scheme Is that tne 
dialogue Is proceeded to the related Information query 
while the recognition processing for the non-prioritized 
recognition target words is carried out In parallel by 
15 utilizing the related information query dialogue time, in 
order to deal with the case where the target attribute 
value Is contained in the remaining non-prioritized 
recognition target words, without notifying the user that 
the processing up to this point has been based only on the 
20 recognition result for the prioritized recognition target 
words. When the recognition processing for a response to 
the related information query is carried out and the 
recognition result is obtained, the recoernltion result for 
only those non-prioritized recognition target words for 
25 which the recognition processing has been finished by then 
in the parallel recognition processing are added to the 
recognition result of the prioritized recognition target 
words, and the recognition result is narrowed down by 
referring to the relevancy with the recognition result of 
30 the related information query response* 

Here, when the non-prioritized recognition target 
words comprises the number of words that exceeds the number 
(N) that can be processed within the real dialogue 
processing time, the recognition processing for the non- 
35 prioritized recognition target words is still not completed 



-13- 



by the time wh n a response to one related Information 
query is obtained » and the user would have to be kept 
awaited if the recoenltton processing is continued up ro 
the completion. In such a case, the non-prioritized 
5 reco^ition target words are subdivided into a plurality of 
sets each having N words. Then, the recogpiition processing 
is carried out by supplying each set of the non-prioritized 
recognition target words sequentially in a descending order 
of the importance level as the next recognition target 

10 words to the recognition device. Then, the recognition 

result for each set of non-prioritized recognition target 
words that has been processed by the time when a response 
ro the related information query is entered by the user is 
added to the recognition result obtained so far. 

15 Such a related information query has an effect of 

realizing a natural dialogue in which the user answers a 
question that seems natural, rather than a superfluous 
process such as the waiting time or the repeated 
confirmation process. On the other hand, from a viewpoint 

20 of the system, the related information query dialogue time 
can be utilized as xhe recognition time for the non- 
prioritized recognition target words, and in addition, if a 
related information that can lead to the narrowing down of 
the attribute value to be determined is obtained from the 

25 relevancy among the attribute values, this obtained related 
information can be utilized as information for narrowing 
down the attribute value. 

Then, whether the condition for Judging that the 
target attribute value can be ascertained only by the 

30 confirmation process is satisfied or not is checked again 
with respect to the result obtained by cross*checklng the 
result of the related information query and the earlier 
recognition result, and if this condition is satisfied the 
confirmation process is attempted, whereas otherwise 

3S another related information is queried. 
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If the recognition procefisln? for the nou-prlorltlzed 
recocAltlon tarset words has not been completed yet, the 
r cognition processing is continued by utilizing the 
related information query dialogue time In order to deal 
5 with the case where the target attribute value is contained 
in those attribute values for which the recognition 
processing has not been carried out yet. When there is no 
more related inforinatlon to be queried, further recognition 
processing time for the non-prioritized recognition target 

10 words is gained by repeating the similar related 

information queries several times or by presenting the 
recognition result of the related Information query 
response In order to obtain more accurate related 
information, for example. 

15 In this first scheme, the dialogue is proceeded In 

such a way that the user remains totally unaware of the 
Internal processing state of the system, so that it Is 
possible TO realize the attribute value determination and 
the target Information ascertaining through a flow of 

20 natural dialogues. Namely, according to this first scheme. 
It becomes possible to make it appear to the user as if the 
system is carrying out the recognition processing for all 
the attribute values and returning a response according to 
such recognition result. The dialogue is proceeded to the 

25 related information query such that the user remains 
unaware of the fact that the first response is actually 
returned according to the recognition result only for the 
prioritized recognition target words, and the fact that the 
target attribute value may not necessarily be contained In 

30 the prioritized recognition target words. 

Then* by cross-checking the result of the related 
information query while adding the recognition result for 
the non-prioritized recognition target words that is 
obtained by the gradually continued recognition processing. 

35 it is possible to maintain natural dialogues with the user 
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while determining the Input attribute value and 
ascertaining the target information within appropriate 
time, even with respect to the recognition target words 
that exceed the number that can be processed within the 
5 real dialogue processing tlffle» without causing the user to 
feel unnaturalness or stress. 

According to this first scheme, It becomes possible to 
allow the user to Immediately enter the lower level 
attribute value Input, which seems like a natural and 

10 efficient way of ascertaining the target information from 
the user's perspective * and moreover the Inadvertent 
repetition of the confirmation process is avoided* so that 
the reduction of the stress on the user can be expected. In 
addition. It Is possible to realize the Interactive 

15 information retrieval process that has both high accuracy 
and naturalness and that does not make the user conscious 
of the waiting time and incompleteness of the recognition 
accuracy. 

Next, in the second scheme of the present invention, 

20 the Importance levels are assigned to data In the speech 
recognition database having a large number of the speech 
recognition target words that cannot be processed within a 
prescribed time, according to the statistical information 
such as past access frequencies or utilization frequencies. 

25 Then, a plurality of statistically hlerarchlzed databases 
are formed by partial databases created by selecting 
respectively defined prescribed numbers of data 
sequentially from data having higher importance levels, and 
hierarchically structuring these partial databases such 

30 that a lower level partial database contains a larger 
number of data and the lowest level partial database 
contains all data of the speech recognition database. These 
statistically hlerarchlzed databases are specifically 
designed to maintain the naturalness of the dialogue to be 

35 carried out between the user and the system in order to 
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achieve the task. 

Here, the real rime performance is realized virtually 
by utilizing differences betwe n the proc ssing: times for 
different levels due to differences in the number of data 
5 contained at different levels. Namely, the speech 
recognition processing and the speech retrieval key 
candidate extraction based on the speech recognition 
likelihood are carried out in parallel for different levels 
of the statistically hierarchlzed databases » and the 

10 dlaloerue leading with respect to the user is carried out 
sequentially for different levels, starting from the 
highest level statistically hierarchlzed database for which 
the processing is finished first, while continue processing 
the other levels. 

15 The statistically hierarchlzed databases used in this 

second scheme are retrieval key attribute databases that 
maintain attribute values of the attribute items expressing 
features of each data as the related attribute information, 
with respect to all data of the retrieval target speech 

20 recognition database. The related attribute information is 
utilized at a time of carrying out the retrieval key 
determination related query in which the related attribute 
information of the speech retrieval key is queried in order 
to narrow down the speech retrieval key in this scheme. 

25 Also, In this second scheme, in order to narrow down 

candidates from the speech retrieval key leading 
candidates, when a plurality of related attribute 
information candidates obtained from the retrieval key 
determination related query and the speech retrieval key 

30 leading candidates to be narrowed down are found to be 
related by referring to the retrieval key attribute 
database, the retrieval key recognition likelihood and the 
related information recognition likelihood are normalized 
and multiplexed so as to realize the candidate 

35 determination. 
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This second scheme realizes the speech retrieval key 
determination In a speech recognition based interactive 
information retrieval apparatus aiminir At the speech 
retrieval key determination for which the retrieval target 
5 Is the speech recognition database having a large number of 
the speech recognition target words for which the speech 
recognition processing and the database matching cannot be 
carried out within a prescribed period of time that can 
maintain the naturalness of the dialogues to be carried out 

10 between the user and the system for the purpose of the 
speech retrieval key determination. Here, the speech 
retrieval key determination is realized without making the 
user conscious of time required for the speech recognlrlon 
processing and the database matching and Incompleteness of 

15 the speech recognition accuracy Just as in a human operator 
based system* by using a dialogue control that primarily 
accounts for the naturalness in the dialogue with the user. 

In the speech recognition based Interactive 
information retrieval method of this second scheme , because 

20 the retrieval target database is of large scale, the 
retrieval target database is maintained in a form of a 
plurality of statistically hierarchlzed databases that are 
hierarchically structured according to the importance 
levels » and the number of data contained the statistically 

25 hierarchlzed database at each level is designed such that 
the speech recognition and the retrieval key recognition 
likelihood calculation, and the speech recognition result 
table formation for the (n>l)-th level can be finished 
while the dialogue for determining the speech retrieval key 

30 according to the recognition result for the n-th level is 
carried out with the user. By utilizing differences In the 
processing times due to differences in the number of data 
contained at different levels, the speech recognition 
processing and the recognition candidate output are 

35 virtually realized within a prescribed period of time that 
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does not make the user to feel unnaturalness. 

Namely, tbe speech recognition processing for 
different levels of the statistically hlerarchlzed 
databases are carried out in parallel and the speech 
5 retrieval key candidates are extracted separately at each 
level. Then, atllizlnff the fact that the speech recotmitlon 
processing for the highest level statistically hlerarchlzed 
database that contains the smallest number of data 
representing the speech retrieval key candidates with the 

10 statistically high importances can be finished first, the 
speech recognition result table Is sequentially referred 
starting from that of the highest level statistically 
hlerarchlzed database, and a method for leading the 
dialogue with the user Is determined according to the 

IS number of speech retrieval key leading c2uidldates that 

exceeds a prescribed likelihood threshold. In this way, the 
dialogue between the user and the system can be made as 
natural as the dialog^ue between human beings without making 
the user conscious of Incompleteness of the speech 

20 recognition accuracy. 

When the number of speech retrieval key leading 
candidates is less than or equal to a prescribed number but 
not zero 9 the retrieval key determination related query for 
narrowing down the candidates from the leading candidates 

25 is carried out, and the speech retrieval key leading 
candidate which is found to be related to the obtained 
related attribute information candidates are determined as 
the speech retrieval key and presented to the user. 

When the number of the speech retrieval key leading 

30 candidates is greater than the prescribed number or zero, 
or when the speech retrieval key presented to the user 
above is negated by the user as not a correct one, or when 
no speech retrieval key leading candidate is found to be 
related to the related attribute Information candidates 

35 obtained by the above described retrieval key determination 
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related query, there Is a possibility that the target 
speech retrieval key Is not contained in the highest level 
statistically hlerarchlzed database* so that the retrieval 
target Is shifted to the next level (lower level) 
5 statistically hlerarchlzed database for which the speech 
recognition processing is already finished at this point. 
Here, however, the user remains unconscious of the shift of 
the fact that the retrieval target database to the lower 
level one, 

10 When the retrieval target database is shifted to the 

lower level one, if the speech retrieval key presented to 
the user above is negated by the user as not a correct one, 
or no speech retrieval key leading candidate is found to be 
related to the related attribute Information candidates 

15 obtained by the above described retrieval key determination 
related query, the related attribute information candidates 
already obtained by the retrieval key determination related 
query are utilized again, or if the number of the speech 
retrieval key leading candidates is greater than the 

20 prescribed number or zero, the retrieval key determination 
related query is newly carried out, and then the obtained 
related attribute information is utilized to carry out the 
cross-checking of the recognition likelihood for those 
candidates which are found to be related to the related 

25 attribute information candidates among the speech retrieval 
key candidates In this second level statistically 
hlerarchlzed database that is the current recognition 
target, so as to determine a new recognition likelihood. 
Once again, the number of the speech retrieval key 

30 leading candidates is checked and if It is less than or 

equal to the prescribed number but not zero, the retrieval 
key determination related query for asking another related 
attribute Information is carried out, the speech retrieval 
key leading candidates in this second level statistically 

35 hlerarchlzed database are narrowed down by utilizing the 
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newly obtained related attribute Information candidates 
additionally, and the speech retrieval key having the 
highest retrieval key recognition likelihood after the 
cross-checking of the recognition likelihoods is presented 
S to the user similarly as In the case of the highest level 
statistically hlerarchlzed database. 

When the recognition result of the second level 
statistically hierarchlzed database is such that the number 
of the speech retrieval key leading candidates is greater 

10 than the prescribed number or zero, or the speech retrieval 
key presented to the user above Is negated by the user as 
not a correct one, or no speech retrieval key leading 
candidate is found to be related to the related attribute 
Information candidates obtained by the above described 

15 retrieval key determination related query, the retrieval 
target Is shifted to the next level (third level) 
statistically hlerarchlzed database and the dialogue 
leading is repeated similarly as In the case of the highest 
level statistically hlerarchlzed database, until the speech 

20 retrieval key Is determined. 

In the dialogue leading In the case where the number 
of the speech retrieval key leading candidates is less than 
or equal to the prescribed number but not zero at each 
level, the reliability of the retrieval key recognition 

25 likelihoods of the leading candidates is Increased by 

carrying out the retrieval key determination related query 
so as to narrow down the candidates effectively. In the 
dialogue leading In the case of shifting the retrieval 
target database to the lower level, the number of the 

30 speech recognition target words is greater in the lower 
level so that the degradation of the recognition accuracy 
can be expected, but by accounting for the relevancy with 
respect to all the related attribute information candidates 
obtained up until a timing for shifting the retrieval 

35 target to the lower level and narrowing down The candidates 
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uslns combination of more Information. It Is possible to 
compensate the degradation of the recocrnltlon accuracy due 
to th Increased number of data. 

Also, the speech recognition based Interactive 
5 information retrieval method of this second scheme attempts 
the speech retrieval key determination usln^ the related 
attribute information of the speech retrieval key, because 
the speech retrieval key determination at 100% accuracy is 
Impossible because the speech recognition accuracy is not 

10 100%. However » the related attribute information is also 
obtained by carrying out the speech recognition with 
respect to a response to the retrieval key determination 
related query so that the related attribute information 
also cannot be obtained at 100* accuracy, 

IS For this reason, the recognition likelihoods of the 

speech retrieval key candidates and the related attribute 
information candidates are normalised and cross-checked In 
order to compensate for Incompleteness of the speech 
recognition accuracy, and the dialogue control that 

20 primarily accounts for the naturalness Is used while 

narrowing down the candidates by carrying out the retrieval 
key determination related query, such that the speech 
retrieval key candidates are narrowed down without making 
the user conscious of Incompleteness of the speech 

25 recognition accuracy. 

By carrying out the dialogue with the user according 
to the dialogue control utilizing the hierarchical 
structure of the speech recognition database and the 
normalization and the cross-checking of the speech 

30 recognition likelihoods. It becomes possible to realize the 
interactive information retrieval that has both high 
accuracy and naturalness similar to the human operator 
based system, without making the user conscious of the 
waiting time and incompleteness of the speech recognition 

35 accuracy. 
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Next, in the third scheme of the present Invention, 
the narrowing down of the recognition target Is realized 
without determining the attribute value uniquely in the 
process for realizing the speech recognition processing and 
5 the retrieval key determination in real time, by urging the 
user to enter the attribute value of the attribute item of 
the retrieval key and narrowing down the recognition target 
according to the entered attribute value, in view of the 
fact that the speech recognition database has the 
10 recognition target words that cannot be processed in real 
time* 

In this third scheme, similarly as in the conventional 
scheme, the retrieval key candidates are classified into 
groups each containing the number of words that can be 

15 processed in real time, by utilizing the attributes of the 
recognition target retrieval key candidates in the speech 
recognition database, and the recognition target Is 
narrowed down by inquiring the attribute of the requested 
retrieval key to the user in order to limit the recognition 

20 target group, so as to realize the speech recognition 
processing and the retrieval key determination in real 
time. At this point, the entered attribute value is not 
determined uniquely because the current speech recognition 
accuracy is not 100%, so that the attribute value 

25 candidates are outputted in a descending order of the 

recognition likelihood obtained as a result of the speech 
recognition processing for the attribute value. 

In this third scheme, however, the confirmation 
process for uniquely determining the attribute value is not 

30 carried out, and the attribute values that have the 
recognition likelihood greater than or equal to the 
prescribed likelihood threshold are set as the attribute 
value leading candidates, and all the retrieval Key 
candidates belonging to the attribute value leading 

35 candidates are extracted from the speech recognition 
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database as the recognition target. Namely, If the number 
of the attribute value leadins candidates Is n* the 
retrieval key candidates In n groups corresponding to the 
classification according to the attribute value leading 
5 candidates cunong the groups classified according to the 
attribute values will be extracted as the recognition 
target. Then, the user Is urged to enter the speech Input 
for the requested retrieval key. and the confirmation 
process for presenting the retrieval key candidates In a 

10 descending order of the recognition likelihood obtained by 
the speech recognition processing for the retrieval key 
using the retrieval key candidates as the retrieval target 
Is carried out in an attempt to determine the retrieval key 
from the retrieval key candidates, 

15 In this way. the third scheme of the present Invention 

narrows down the recognition target from the large scale 
speech recognition database, and does not carry out the 
confirmation process for determining the attribute value 
uniquely in the process of initially requesting the user to 

20 enter the attribute value of the attribute item of the 
retrieval key, so that the confirmation process with 
respect to the user is carried out only once for the 
retrieval key determination, and the circuity due to the 
repeated confirmation processes required in the 

25 conventional attribute value determination can be 

eliminated and furthermore the processing time can be 
shortened. 

Next. In the fourth scheme of the present invention, a 
recording medium that records the retrieval database to be 

30 used in determining the retrieval key at the retrieval 

apparatus in response to the user's input of the retrieval 
key Is formed in a two level hierarchical structure, where 
the higher level hierarchical data contain the number of 
data that can be recognition processed in real time as 

35 specified by the system. On the other hand, the lower level 
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hierarchical data are formed such that the retrieval key Is 
contained, the number of data that cannot be recognition 
processed in real time are contained, each data contained 
in the lower level is always conceptually dependent on one 
5 data in th higher level, and the number of data in the 
lower level that are conceptually dependent on one data in 
the higher level is set to be the number of data that can 
be recognition processed in real time. In addition, an 
access frequency information Indicating the bias of the 

10 access frequencies among the data in the lower level is 
provided and the data in the lower level are maintained 
such that a high frequency access data group and the other 
remaining data are distinguished according to the access 
frequency information. 

15 Also, this fourth scheme realizes the speech 

recognition based interactive information retrieval aiming 
at the determination of the entered retrieval key from the 
speech recognition database by carrying out the speech 
recognition processing for the retrieval key entered by the 

20 user as the speech input, as follows. 

When the speech input for the requested retrieval key 
is entered by the user, the recognition and retrieval 
processing for the high frequency access data group is 
carried out at higher priority (procedure 1), and the 

25 confirmation process for presenting the retrieval result 
candidates in a descending order of the recognition 
likelihood obtained as a result of the speech recognition 
processing for the retrieval key is carried out (procedure 
2). If the retrieval key can be determined by the number of 

30 the confirmation processes less than or equal to a 

prescribed number In the procedure 2, the retrieval key is 
determined (procedure 3). 

If the confirmation processes of the prescribed number 
of times are negated by the user as not a correct retrieval 

35 key in the procedure 3, the related query for Inquiring a 
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g^enerlc concept on which the requested retrieval key 
depends Is carried out usln? the higher level data as the 
recogrnltlon target (procedure 4). Then, the speech 
recognition for the user's response to the related query Is 
5 carried out and, using th recognition likelihoods of the 
obtained generic concept candidates, the confirmation 
process for presenting the generic concept candidates In a 
descending order of ttie recognition likelihood is carried 
out until the generic concept is determined (procedure 5), 

10 When the generic concept is determined, the lower level 
data that depend on the determined higher level data are 
selectively extracted as the recognition target data 
(procedure 6). Then, the speech recognition processing for 
the retrieval key entered by the user is carried out again 

15 and the confirmation process for presenting the obtained 
retrieval key candidates in a descending order of the 
recognition likelihood is carried out so as to determine 
the speech retrieval key (procedure 7) . 

In this fourth scheme, the requested retrieval key is 

20 contained In the high frequency access data group. It is 
possible to determine the retrieval key in. real time using 
only the input of the retrieval key that the user really 
wants to request, without carrying out the related query to 
Inquire a generic concept as assistant for narrowing down 

25 the retrieval key so that the fast retrieval can be 

realized. Even when the requested retrieval key is not 
contained in the high frequency access data group, the user 
Is urged to enter the retrieval key that the user really 
wants to request first, and then urged to enter a generic 

30 concept as assisting information, which is natural unlike 
the conventional scheme in which the user is forced to 
start from the assisting query to Inquire a generic concept 
In order to realize the effective narrowing down from a 
viewpoint of the system. It is also possible to determine 

35 the retrieval key entered by the user as the speech Input 
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from the lar^e scale speech recognition database formed by 
data that cannot be processed In real time and that have 
the bias In the access frequencies, using the natural 
dlaloirue with the user In which the user Is urged to enter 
S the retrieval key that the user really wants to request 
first, without making the user conscious of the time 
required for the speech recognition processing and 
Incompleteness of the speech recognition accuracy. 

Assuming that the speech recognition accuracy Is 100* 

10 and the candidate determination by the real time speech 

recognition processing takes Tl (sec), in the conventional 
scheme In which a generic concept for narrowing down the 
recognition target words Is Inquired first as the retrieval 
assist key rather than the retrieval key that the user 

15 really wants to request, and the Input of the retrieval key 
Is urged after the generic concept Is determined and the 
specific concepts that are dependent on the generic concept 
are extracted as the retrieval target in order to realize 
the recognition processing in real time. 2 x Tl (sec) will 

20 be required because the determination process is carried 
out with the user twice for the generic concept (retrieval 
assist key) and the retrieval key. 

On the other hand, in this fourth scheme in which the 
high frequency access data group of the lower level Is 

25 formed by data having the access frequency of 80%. the 
input of the retrieval key that the user really wants to 
request is urged first, and the retrieval processing is 
carried out at higher priority for the high frequency 
access data group, only Tl (sec) is required In the case 

30 where the requested retrieval key Is contained in the high 
frequency access data group whereas 2 Tl (sec) Is 
required in the case where the requested retrieval key Is 
not contained In the high frequency access data group 
because a method for narrowing down by inquiring the 

35 generic concept next is adopted, and therefore 0,8 x Tl 
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0.2x2xTl''1.2xTl (sec) is required overall, so that 
the expectation value for the time required In the 
retrieval key determination is smaller In this fourth 
scheme , 

5 In practice, the speech recognition accuracy is not 

100^ so that it is difficult to complete the retrieval 
processing In the above processing time, but if the speech 
recognition device has such a recognition accuracy that the 
first candidate is a correct one at a probability of 50%, 

10 the second candidate Is a correct one at a probability of 
40%, and the third candidate is a correct one at a 
probability of 10% assuming that the correct retrieval key 
Is obtained from the first three candidates when the 
correct retrieval key Is contained In the speech 

15 recognition database » and assuming that the confirmation 
process requires Tl (sec), the conventional scheme will 
require 0.5 * Tl + 0,4 » 2 * Tl -r 0.1 x 3 x Tl = 1.6 x ti 
(sec) (the confirmation process time in the case where the 
second candidate is a correct one Is 2 x Tl (sec) because 

20 the confirmation process Is carried out twice). Then, after 
narrowing down the recognition target to the number of 
words that can be processed In real time using the generic 
concept, the determination of the retrieval key requested 
by the user will also require 1. 6 x Tl (sec), so that 1-6 

25 X Tl ♦ 1.6 X Tl (sec) will be required overall. 

On the other hand, in this fourth scheme, using the 
similar speech recognition accuracy and the high frequency 
access data group formed by data having the access 
frequency of 80%, and assuming that the confirmation 

30 process for the retrieval key candidates obtained from the 
lower level Is carried out up to twice when the requested 
retrieval key is contained in the high frequency access 
data group, 0.8 x 0-5 ^ Tl ^ 0.8 xo.4x 2 x Tl - 1.04 xTl 
(sec) will be required for the retrieval key determination 

35 in the case where the correct retrieval key is obtained in 
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the first two candidates. Also» this case adopts a method 
for narrowing down th retrieval range by inquiring the 
generic concept when the correct retrieval key is not 
obtained in the first two candidates even if the correct 
5 retrieval key is contained in the high frequency access 
data group, so that 0,5 x Tl ^ 0.4 » 2 >i Ti x o.l x 3 x ti 
= 1.6 X Tl (sec) will be required in 10% of times (which is 
a probability by which the third candidate is the correct 
one), so that 1.6 xtI x o.l - 0.16 xTl will be required. 

10 Also, the same method is used when the requested retrieval 
key is not contained In the high frequency access data 
group so that 1.6 x ti (sec) will be required in 20% of 
times (in the case where the access frequency of the 
requested retrieval key is less than 20%), so that 1.6 x ti 

15 X Tl X 0.2 » 0.32 X Tl (sec) will be required. Thus, when 
the speech recognition accuracy is not 100%. this fourth 
scheme will require 1.04 x ti ♦ 0.16 x ti ♦ 0,32 x ti « 
1.52 X Tl (sec) overall. 

Consequently, the expectation value for the time 

20 required in the retrieval key determination is reduced in 
this fourth scheme to less than a half compared with the 
conventional scheme. Moreover, this fourth scheme has the 
naturalness in that the user is first urged to enter the 
retrieval key that the user really wants to request, rather 

25 than starting from an assisting query for the purpose of 
the effective narrowing down from a viewpoint of the 
system. 

According to one aspect of the present invention there 
is provided a method of speech recognition based 

30 Interactive information retrieval for ascertaining and 

retrieving a target information of a user by determining a 
retrieval key entered by the user using a speech 
recognition processing, comprising the steps of: (a) 
storing retrieval key candidates that constitute a number 

35 of data that cannot be processed by the speech recognition 
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processing In a prescribed processing time, as recoe^ltlon 
targrer words in a speech recognition database, the 
r cognition target words being divided into prioritized 
recognition target words that constitute a number of data 
5 that can be processed by the speech recognition processing 
m the prescribed processing time and that have relatively 
higher importance levels based on statistical information 
among the recognition target words, and non-prioritized 
recognition target words other than the prioritized 

10 recognition target words; (b) requesting the user by a 
speech dialogue with the user to enter a speech input 
indicating the retrieval key. and carrying out the speech 
recognition processing for the speech Input with respect to 
the prioritized recognition target words to obtain a 

15 recognition result: (c) carrying out a confirmation process 
using a speech dlaloerue with the user according to the 
recognition result to determine the retrieval key» when the 
recognition result satisfies a prescribed condition for 
Judging that the retrieval key can be determined only by a 

20 confirmation process with the user; (d) carrying out a 

related Information query using a speech dialogue with the 
user to request the user to enter another speech Input for 
a related information of the retrieval key, when the 
recognition result does not satisfy the prescribed 

25 condition; (e) carrying out the speech recognition 

processing for the another speech input to obtain another 
recognition result, and adjusting the recognition result 
according to the another recognition result to obtain 
adjusted recognition result; and (f) repeating the step (c) 

30 or the steps (d) and (e) using the adjusted recognition 
result In place of the recognition result, until the 
retrieval key is determined. 

According to another aspect of the present Invention 
there Is provided a method of speech recognition based 

35 interactive information retrieval for ascertaining and 
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retrl vine a zargez Information of a user by determining a 
retrieval key entered by the user uslne a speech 
recognition processing, comprising the steps of: (a) 
storing retrieval key candidates that are classified 
5 according to attribut values of an attribute Item in a 
speech recognition database; (b) requesting the user by a 
speech dialogue with the user to enter a speech input 
indicating an attribute value of the attribute item for the 
retrieval key, and carrying out the speech recognition 

10 processing for the speech input to obtain a recognition 
result Indicating attribute value candidates and their 
recognition likelihoods; (c) selecting those attribute 
value candidates which have recognition likelihoods that 
are exceeding a prescribed likelihood threshold as 

15 attribute value leading candidates, and extracting those 

retrieval key candidates that belong to the attribute value 
leading candidates as new recognition target data; (d) 
requesting the user by a speech dialogue with the user to 
enter another speech Input indicating the retrieval key, 

20 and carrying out the speech recognition processing for the 
another speech input with respect to the new recognition 
target data to obtain another recognition result; and (e) 
carrying out a confirmation process using a speech dialogue 
with the user according to the another recognition result 

25 to determine the retrieval key* 

According to another aspect of the present Invention 
there Is provided a method of speech recognition based 
Interactive information retrieval for ascertaining and 
retrieving a target information of a user by determining a 

30 retrieval key entered by the user using a speech 

recognition processing^ comprising the steps of: (a) 
storing retrieval key candidates that constitute a number 
of data that cannot be processed by the speech recogrnltion 
processing In a prescribed processing time, in a plurality 

35 of statistically hlerarchized databases provided In a 
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speecb reco^nlrlon database » where lower level 
statistically hlerarchlzed databases contain Increasingly 
larger part of the retrieval key candidates such that a 
lowest level statistically hlerarchl2ed database contains 
5 all the retrieval key candidates; (b) requesting the user 
by a speech dialogue with the user to enter a speecb input 
indicating the retrieval key. and carrying out the speech 
recognition processing tor the speech input with respect to 
all of the plurality of statistically hierarchlaed 

10 databases in parallel » to sequentially obtain respective 
recognition results indicating recognition retrieval key 
candidates and their recognition likelihoods; (c) selecting 
those recognition retrieval key candidates which have 
recognition likelihoods that are exceeding a prescribed 

15 likelihood threshold as recognition retrieval key leading 
candidates, for each statistically hierarchized database 
for which the speech recognition processing is completed; 
and (d) controlling a next speech dialogue with the user 
according to whether a prescribed condition that a number 

20 of the recognition retrieval key leading candidates is less 
than or equal to a prescribed number but not zero is 
satisfied or not. 

According to another aspect of the present invention 
there is provided a speech recognition based interactive 

25 information retrieval apparatus for ascertaining and 

retrieving a target Information of a user by determining a 
retrieval key entered by the user using a speech 
recognition processing, comprising: a speech recognition 
database configured to store retrieval key candidates that 

30 constitute a number of data that cannot be processed by the 
speech recognition processing in a prescribed processing 
time, as recognition target words, the recognition target 
words being divided into prioritized recognition target 
words that constitute a number of data that can be 

35. processed by the speech recognition processing in the 
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prescribed processing time and that have relatively higher 
importance levels based on statistical information amons 
the recognition target words, and non-prioritized 
recognition target words other than the prioritized 
5 recognition target words: a speech recognition unit 

configured to carry out the speech recognition processing; 
and a dialogue control unit configured to carry out speech 
dialogues with the user; wherein the dialogue control unit 
carries out a speech dialogue for requesting the user to 

10 enter a speech input indicating the retrieval key, such 
that the speech recognition unit carries out the speech 
recognition processing for the speech input with respect to 
the prioritized recognition target words to obtain a 
recognition result; the dialogue control unit carries out a 

15 speech dialogue for a confirmation process according ro the 
recognition result to determine the retrieval key. when the 
recognition result satisfies a prescribed condition for 
Judging that the retrieval key can be determined only by a 
confirmation process with the user; the dialogue control 

20 unit carries out a speech dialogue for a related 

Information query to request the user to enter another 
speech input for a related information of the retrieval 
key, when the recognition result does not satisfy the 
prescribed condition, such that the speech recognition unit 

25 carries out the speech recognition processing for the 

another speech input to obtain another recognition result 
and the dialogue control unit adjusts the recognition 
result according to the another recognition result to 
obtain adjusted recognition result, and the dialogue 

30 control unit controls the speech dialogues to repeat the 

confirmation process or the related information query using 
the adjusted recognition result in place of the recognition 
result, until the retrieval key is determined. 

According to another aspect of the present invention 

35 there is provided a speech recognition based interactive 
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Information retrieval apparatus for ascertaining and 
retrlevlns a target information of a user by determining a 
retrieval key entered by the user using a speech 
recognition processing, comprising: a speech recognition 
5 database configured to store retrieval key candidates that 
are classified according to attribute values of an 
attribute Item; a speech recognition unit configured to 
carry out the speech recognition processing; and a dialogue 
control unit configured to carry out speech dialogues with 

10 the user; wherein the dialogue control unit carries out a 
speech dialogue for requesting the user to enter a speech 
input Indicating an attribute value of the attribute Item 
for the retrieval key, such that the speech recognition 
unit carries out the speech recognition processing for the 

15 speech Input to obtain a recognition result indicating 
attribute value candidates and their recognition 
likelihoods; the dialogue control unit selects those 
attribute value candidates which have recognition 
likelihoods that are exceeding a prescribed likelihood 

20 threshold as attribute value leading candidates, and 

extracts those retrieval key candidates that belong to the 
attribute value leading candidates as new recognition 
target data; the dialogue control unit carries out a speech 
dialogue for requesting the user to enter another speech 

2S Input indicating the retrieval key, such that the speech 
recognition unit carries out the speech recognition 
processing for the another speech Input with respect to the 
new recognition target data to obtain another recognition 
result; and the dialogue control unit carries out a speech 

30 dialogue for a confirmation process according to the 

another recognition result to determine the retrieval key. 

According to another aspect of the present Invention 
there is provided a speech recognition based Interactive 
information retrieval apparatus for ascertaining and 

35 retrieving a target information of a user by determining a 
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retrieval key entered by the user uslns a speech 
recognition processings, comprising: a speech recognition 
database having a plurality of statistically hlerarchlzed 
databases configured to store retrieval key candidates that 
5 constitute a number of data that cannot be processed by the 
speech recognition processing in a prescribed processing 
time, where lower level statistically hlerarchlzed 
databases contain increasingly larger part of the retrieval 
key candidates such that a lowest level statistically 

10 hlerarchlzed database contains all the retrieval key 

candidates; a speech recognition unit configured to carry 
out the speech recognition processing; and a dialogue 
control unit configured to carry out speech dialogues with 
the user; wherein the dialogue control unit carries out a 

15 speech dialogue for requesting the user to enter a speech 
input indicating the retrieval key, such that the speech 
recognition unit carries out the speech recognition 
processing for the speech input with respect to all of the 
plurality of statistically hlerarchlzed databases in 

20 parallel, to sequentially obtain respective recognition 

results indicating recognition retrieval key candidates and 
their recognition likelihoods; the dialogue control unit 
selects those recognition retrieval key candidates which 
have recognition likelihoods that are exceeding a 

25 prescribed likelihood threshold as recognition retrieval 

key leading candidates, for each statistically hlerarchlzed 
database for which the speech recognition processing is 
completed; and the dialogue control unit controls a next 
speech dialogue with the user according to whether a 

30 prescribed condition that a number of the recognition 

retrieval key leading candidates is less than or equal to a 
prescribed number but not zero is satisfied or not. 

According to another aspect of the present invention 
there Is provided a computer usable medium having computer 

35 readable program codes embodied therein for causing a 
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computer to function as a speech recognition based 
Interactive Information retrieval system for ascertaining 
and retrieving a target information of a user by 
determining a retrieval key entered by the user using a 
S speech recognition processing and a speech recognition 
database for storing retrieval key candidates that 
constitute a number of data that cannot be processed by the 
speech recogmitlon processing in a prescribed processing 
time, as recognition target words in a speech recognition 

10 database, the recognition target words being divided Into 
prioritized recognition target words that constitute a 
number of data that can be processed by the speech 
recognition processing in the prescribed processing time 
which have relatively higher Importance levels based on 

15 statistical Information among the recognition target words » 
and non-prlorltlzed recognition target words other than the 
prioritized recognition target Ytords. the computer readable 
program codes Include: a first computer readable program 
code for causing said computer to request the user by a 

20 speech dialogue with the user to enter a speech Input 
Indlcarlng the retrieval key. and carry out the speech 
recognition processing for the speech Input with respect to 
the prioritized recognition target words to obtain a 
recognition result; a second computer readable program code 

25 for causing said computer to carry out a confirmation 

process using a speech dialogue with the user according to 
the recognition result to determine the retrieval key, when 
the recognition result satisfies a prescribed condition for 
Judging that the retrieval key can be determined only by a 

30 confirmation process with the user; a third computer 

readable program code for causing said computer to carry 
out a related information query using a speech dialogue 
with the user to request the user to enter another speech 
Input for a related information of the retrieval key, when 

35 the recognition result does not satisfy the prescribed 
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condition; a fourth computer readable program code for 
causing^ said computer to carry out the speech recognition 
processing for the another speech Input to obtain another 
recognition result, and adjust the recognition result 
5 according to the another recognition result to obtain 

adjusted recognition result; and a fifth computer readable 
program code for causing said computer to repeat processing 
of the second computer readable program code or the third 
and fourth computer readable program codes using the 

10 adjusted recognition result In place of the recognition 
result, until the retrieval key is determined. 

According to another aspect of the present Invention 
there is provided a computer usable medium storing a data 
structure to be used as a speech recognition database In a 

15 speech recognition based Interactive information retrieval 
system for ascertaining and retrieving a target information 
of a user by determining a retrieval key entered by the 
user using a speech recognition processing* the data 
structure comprising: retrieval key candidates that 

20 constitute a number of data that cannot be processed by the 
speech recognition processing In a prescribed processing 
tlme» as recognition target words, the recognition target 
words being divided into prioritized recognition target 
words that constitute a number of data that can be 

25 processed by the speech recognition processing in the 
prescribed processing time which have relatively higher 
importance levels based on statistical Information among 
the recognition target words, and non-prlorltlzed 
recognition target words other than the prioritized 

30 recognition target words- 

According to another aspect of the present Invention 
there is provided a computer usable medium having computer 
readable program codes embodied therein for causing a 
computer to function as a speech recognition based 

35 interactive information retrieval system for ascertaining 
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and rerrlevlne: a target information of a user by 
determining a retrieval key entered by the user using a 
speech recognition proc sslng and a speech recognition 
database for storing retrieval key candidates that are 
5 classified according to attribute values of an attribute 
item, the computer readable program codes Include: a first 
computer readable program code for causing said computer to 
request the user by a speech dialogue with the user to 
enter a speech Input indicating an attribute value of the 

10 attribute item for the retrieval key. and carry out the 
speech recognition processing for the speech Input to 
obtain a recognition result Indicating attribute value 
candidates and their recognition likelihoods; a second 
computer readable program code for causing said computer to 

15 select those attribute value candidates which have 

recognition likelihoods that are exceeding a prescribed 
likelihood threshold as attribute value leading candidates, 
and extract those retrieval key candidates that belong to 
the attribute value leading candidates as new recognition 

20 target data; a third computer readable program code for 
causing said computer to request the user by a speech 
dialogue with the user to enter another speech input 
indicating the retrieval key, and carry out the speech 
recognition processing for the another speech input with 

25 respect to the new recognition target data to obtain 

another recognition result: and a fourth computer readable 
program code for causing said computer to carry out a 
confirmation process using a speech dialogue with the user 
according to the another recognition result to determine 

30 the retrieval key. 

According to another aspect of the present invention 
there is provided a computer usable medium having computer 
readable program codes embodied therein for causing a 
computer to function as a speech recognition based 

35 interactive information retrieval system for ascertaining 
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and retrieving: a target Inrormatlon of a user by 
deterinlnlner a retrieval key entered by the user using a 
speech recognition processing and a speech recognition 
database having a plurality of statistically hlerarchized 
5 databases for storing retrieval key candidates that 

constitute a number of data that cannot be processed by the 
speech recognition processing in a prescribed processing 
time, where lower level statistically hlerarchized 
databases contain increasingly larger part of the retrieval 

10 key candidates such that a lowest level statistically 
hlerarchized database contains all the retrieval key 
candidates p the computer readable program codes Include: a 
first computer readable program code for causing said 
computer to request the user by a speech dialogue with the 

15 user to enter a speech input indicating the retrieval key, 
and carry out the speech recognition processing for the 
speech input with respect to all of the plurality of 
statistically hlerarchized databases in parallel, to 
sequentially obtain respective recognition results 

20 indicating recognition retrieval key candidates and their 
recognition likelihoods; a second computer readable program 
code for causing said computer to select those recognition 
retrieval key candidates which have recognition likelihoods 
that are exceeding a prescribed likelihood threshold as 

25 recognition retrieval key leading candidates, for each 
statistically hlerarchized database for which the speech 
recognition processing is completed; and a third computer 
readable program code for causing said computer to control 
a next speech dialogue with the user according to whether a 

30 prescribed condition that a number of the recognition 

retrieval key leading candidates is less than or equal to a 
prescribed number but not zero is satisfied or not. 

Other features and advantages of the present invention 
will become apparent from the following description taken 

35 in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 Is a block diagram showing an exemplary 

configuration of a speech recognition based Interactive 
Information retrieval apparatus in the first embodiment of 
the present invention. 

Fig. 2 is a diagram showing an exemplary information 

10 database to be utilized in the speech recognition based 
interactive information retrieval apparatus of Fig- 1- 

Fig- 3 is a flow chart for an Informatiou 
determination processing procedure in the speech 
recognition based interactive information retrieval 

15 apparatus of Fig. 1. 

Fig. 4 is a diagram showing an exemplary information 
database in a concrete example for an interactive 
information retrieval method in the first embodiment of the 
present invention • 

20 Fig. 5 is a diagram showing an exemplary recognition 

result with respect to prioritized recognition target words 
in a concrete example for an interactive information 
retrieval method in the first embodiment of the present 
invent ion - 

25 Fig. 6 is a diagram showing an exemplary recognition 

result for a related attribute (prefecture) in a concrete 
example of an interactive information retrieval method in 
the first embodiment of the present invention- 
Fig. 7 is a diagram showing an exemplary result of 

30 adding a recognition result with respect to non-prioritized 
recognition target words In a concrete example of an 
interactive informatiou retrieval method in the first 
embodiment of the present Invention. 

Fig. 8 is a diagram showing an exemplary cross- 

35 checking of attribute value candidates and related 
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Information In a concrete example of an Interactive 
Information retrieval method In the first embodiment of the 
present invention. 

Fig. 9 is a block diagram showing an exemplary 
5 configuration of a speech recognition based interactive 

information retrieval apparatus in the second embodimenr of 
the present invention. 

Fig. 10 is a diagram showing an example of 
statistically hierarchized databases to be utilized in the 

10 speech recognition based interactive information retrieval 
apparatus of Fig. 9. 

Fig, 11 is an exemplary speech recognition result 
table with calculated recognition likelihoods with respect 
to speech retrieval key candidates that is to be utilized 

15 in the speech recognition based interactive Information 
retrieval apparatus of Fig, 9- 

Fig. 12 Is a diagram showing an exemplary retrieval 
key attribute database to be utlllsjed In the speech 
recognition based Interactive information retrieval 

20 apparatus of Fig- 9. 

Fig, 13 is a diagram showing an exemplary related 
information recognition result table indicating a speech 
recognition result for a user's response to a retrieval key 
determination related query that is utilized In the speech 

25 recognition based Interactive information retrieval 
apparatus of Fig. 9. 

Fig. 14 is a flow chart for a processing procedure of 
a dialogue control unit in the speech recognition based 
interactive information retrieval apparatus of Fig. 9. 

30 Fig. 15 is a diagram showing an example of 

statistically hierarchial databases for speech recognition 
in a concert ticket reservation system which is a concrete 
example of an interactive information retrieval method in 
the second embodiment of the present invention. 

35 Fig. 16 is a diagram showing an exemplary speech 
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reco^ltlon result table with respect to a first level 
statistically hlerarchlzed database In a concert ticket 
reservation system which is a concrete example of an 
interactive Information retrieval method in the second 
S embodiment of the present invention, 

P1&. 17 Is a diagram showing an exemplary retrieval 
key attribute database in a concert ticket reservation 
system which Is a concrete example of an interactive 
Information retrieval method In the second embodiment of 

10 the present invention. 

Fig- 18 is a diagram showing an exemplary related- 
information recognition result table obtained from a 
response to a retrieval key determination related query for 
inquiring a concert date In a concert ticket reservation 

15 system which is a concrete example of an interactive 

information retrieval method in the second embodiment of 
the present invention. 

Fig- 19 is a diagram showing an exemplary speech 
recognition result with respect to a second level 

20 statistically hlerarchlzed database In a concert ticket 
reservation system which is a concrete example of an 
interactive Information retrieval method in the second 
embodiment of the present invention. 

Pig. 20 is a diagram showing an exemplary cross- 

25 checking of a second level statistically hlerarchlzed 

database and a related Information recognition result table 
for a concert data in a concert ticket reservation system 
which is a concrete example of an interactive information 
retrieval method In the second embodiment of the present 

30 Invention. 

Fig. 21 is a diagram showing an exemplary related 
information recognition result table obtained from a 
response to a retrieval key determination related query for 
inquiring a place of a concert In a concert ticket 

35 reservation system which is a concrete example of an 
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interacxive Information retrieval method In the second 
embodiment of the present invention. 

Flff- 22 is a diagram showing an exemplary cross- 
checking of speech retrieval key leading candidates in a 
5 second level statistically hierarchized database and a 
concert date and a place of a concert in a concert ticket 
reservation system which is a concrete example of an 
interactive Information retrieval method in the second 
embodiment of the present Invention. 

10 Fig. 23 is a block diagram showing an exemplary 

configuration of a speech recognition based Interactive 
information retrieval apparatus In the third embodiment of 
the present invention. 

Fig. 24 is a diagram showing an exemplary speech 

15 recognition database to be utilized In the speech 
recognition based Interactive information retrieval 
apparatus of Fig. 23. 

Fig. 25 Is a diagram showing an exemplary attribute 
database to be utilized In the speech recognition based 

20 interactive Information retrieval apparatus of Fig. 23. 
Fig. 26 Is a flow chart for a retrieval key 
determination processing procedure In the speech 
recognition based Interactive Information retrieval 
apparatus of Pig. 23, 

25 Fig. 27 is a diagram showing an exemplary speech 

recognition database in a city/town determination system 
which Is a concrete example of an interactive information 
retrieval method In the third embodiment of the present 
invention. 

30 Fig. 28 is a diagram showing an exemplary attribute 

database in a city/town determination system which Is a 
concrete example of an interactive information retrieval 
method in the third embodiment of the present invention. 

Fig, 29 Is a diagram showing an exemplary recognition 

35 result for an attribute value in a city/town determination 
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system which Is a concrete example of an interactive 
information retrieval method in the third embodiment of the 
present invention. 

Fig. 30 is a diagram showing an exemplary result of 
5 narrowing down a recognition target in a city/town 

determination system which Is a concrete example of an 
interactive information retrieval method in the third 
embodiment of the present invention. 

Fig, 31 is a diagram showing an exemplary recognition 
10 result for a retrieval key in a city/town determination 
system which is a concrete example of an interactive 
information retrieval method in the third embodiment of the 
present invention. 

Fig, 32 is a block diagram showing an exemplary 
IS configuration of a speech recognition based interactive 

information retrieval apparatus in the fourth embodiment of 
the present invention. 

Fig. 33 is a diagram showing an exemplary speech 
recognition database to be utilized in the speech 
20 recognition based interactive information retrieval 
apparatus of Fig. 32* 

Fig. 34 is a flow chart for an interactive information 
retrieval processing procedure In the speech recognition 
based interactive information retrieval apparatus of Fig. 
25 32. 

Fig. 35 is a diagram showing an exemplary speech 
recognition database in a city/town determination system 
which is a concrete example of an interactive Information 
retrieval method In the fourth embodiment of the present 

30 invention. 

Fig, 36 is a diagram showing an exemplary high 
frequency access data group In a city/town determination 
system which Is a concrete example of an interactive 
Information retrieval method in the fourth embodiment of 

35 the present Invention. 
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Flg« 37 Is a diagram showing an exemplary speech 
retrieval key recognition result In the case of determining 
••Yokohama** In a city/town determination system which Is a 
concrete example of an Interactive Information retrieval 
5 method in the fourth embodiment of the present invention. 

Fig. 38 is a diagram showing an exemplary speech 
retrieval key recognition result in the case of determining 
'^Yokokawa'* using a high frequency access data group as a 
recognition target in a city/town determination system 
10 which is a concrete example of an interactive information 
retrieval method in the fourth embodiment of the present 
Invention, 

Fig. 39 is a diagram showing an exemplary speech 
retrieval key recognition result in the case of determining 
15 "Yokokawa" using cities or towns in Gunma as a recognition 
target in a city/town determination system which is a 
concrete example of an Interactive information retrieval 
method in the fourth embodiment of the present invention. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Fig, 1 to Fig, 8, the first 
embodiment directed to the above described first scheme of 

25 the present invention will be described in detail. 

Fig. 1 shows an exemplary configuration of a speech 
recognition based interactive information retrieval 
apparatus (which will also be referred to as Interactive 
information retrieval apparatus for short) in the first 

30 embodiment of the present invention. This interactive 

information retrieval apparatus 1 comprises a speech input 
unit 2, a speech identification unit 3» a dialogue control 
unit 4, and a speech output unit 5. The speech 
identification unit 3 further comprises a speech 

35 recognition unit 3-1 and a speech recognition result output 
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unit 3-2. The dialogue control unit 4 further comprises a 
result adjustment unit 4-1, a dialogue leading unit 4-2 and 
a query and response generation unit 4-3. The speech 
Identification unit 3 utiliaes a speech recogmltlon device 
5 6, and the speech output unit 5 utilizes a speech output 
device 8. Also, the speech recognition processing for input 
speech at the speech Identification unit 3 and the result 
adjustment unit 4-1 and the dialogue leading unit 4-2 of 
the dialogue control unit 4 utilize a system database 7. 

10 The system database 7 eoaiprlses an information database 7-1 
that records target information Intended by users, and a 
YES/NO type template database 7-2* 

Fig- 2 shows an exemplary overview of the Information 
database 7-1, which contains a plurality of attributes ana 

15 their attribute values in a form of a set of attribute 
databases for respective attributes, where different 
attributes may have different numbers of attribute values. 
The attributes are hierarchically related with each other. 
The interactive information retrieval apparatus i defines 

20 Importance levels according to statistical information such 
as access frequencies with respect to attribute value 
candidates of each attribute, and selects a prescribed 
number of attribute values that are expected to be capable 
of being speech recognition processed within a real 

25 dialogue processing time in an order of the Importance 
levels as prioritized recognition target words. The 
remaining non'-priorltized recognition target words are 
recorded in subdivisions in units of the number of words 
that is specified by the system in view of carrying out the 

30 recognition processing in parallel to the dialogue with the 
user, such as the number that can be processed by the 
speech recognition processing in a real dialogue processing 
time or the number that can be processed by the speech 
recognition processing in a real related information query 

35 dialogue time, in an order of the Importance levels. 
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Note that the real dialogue processing time Is defined 
by the system as a time to be taken by the speech dialogue 
with the user that Is expected not ro cause any stress on 
the user and not to make the user conscious of any 
5 unnaturalness* 

This embodiment will describe the case In which the 
Interactive Information retrieval apparatus 1 Inquires to 
the user about an attribute that has the number of 
attribute values exceeding the number that can be processed 

10 in a real dialogue processing time and that can enable the 
target information determination efficiently by accounting 
for the user's preference, among the attributes that 
constitute the target Information. 

Fig- 3 shows a processing procedure for the target 

15 information determination by the interactive information 
retrieval apparatus 1 of this embodiment. 

First, when the user selects an attribute of the 
target information to be requested (step Sl)« the 
Interactive Information retrieval apparatus 1 requests the 

20 user to enter an attribute value of that attribute (step 

S2), and when an attribute value of the requested attribute 
is entered by the user at the speech Input unit 2. the 
input speech is sent to the speech identification unit 3 
where the priority recognition processing for the received 

25 user input is carried out at the speech recogpiition unit 3- 
1 using the speech recognition device 6 (step S3). Here, 
the speech recognition device 6 selects a database to be 
used as the recognition target from the system database 7 
according to a stage of the processing by the interactive 

30 Information retrieval apparatus 1. Namely, the information 
database 7-1 is selected for an attribute value input or a 
response to a related information query, and the YES/NO 
type template database 7-2 is selected for a user response 
in the confirmation process. Also, when the Information 

35 database 7-1 is referred, the recognition processing using 
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attribute values of the attribute that Is a tariret of the 
query In the database as the recognition target words is 
carried out. 

The speech recognition unit 3-1 carries out the 
5 recognition processing for the attribute values specified 
as The prioritized recognition target words of the 
requested attribute in the information database 7-1. The 
speech recognition result output unit 3-2 obtains the 
recognition result and sends it to the dialogue control 
10 unit 4. 

The result adjustment unit 4-1 of the dialogue control 
unit 4 holds the recognition result for the prioritized 
recognition target words and sends it to the dialogue 
leading unit 4-2, The dialogue leading unit 4-2 Judges 

IS whether the received recognition result satisfies a 

prescribed condition defined in terms of the recognition 
likelihood for Judging that the attribute value can be 
determined only by the confirmation process with the user, 
or not (step S4), and when this condition is satisfied, the 

20 dialogue leading unit 4-2 commands the query and response 
generation unit 4-3 to carry oat the conf Iraiatlon process. 
The query and response generation unit 4-3 then generates a 
query message for the confirmation process and senUs It to 
the speech output unit 5, and the speech output unit 5 

25 outputs the query message for the confirmation process 
while presenting candidates to the user, and requests a 
response to the confirmation query (step 85). 

The speech input unit 2 receives a response of the 
user to the confirmation query and sends it to the speech 

30 identification unit 3, and the speech recognition unit 3-1 
recognizes the user response by using the YES/NO type 
template database 7-2 as the recognition target, and sends 
the recognition result to the dialogue control unit 4 (step 
S6) . 

35 The result adjustment unit 4-1 sends the received 
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recognition result to the dialogue leading unit 4-2, and 
the dialogue leading unit 4-2 Judges whether the user 
response indicates affirmation or not (step S7), When the 
response indicating affirmation is obtained » the dialogue 
5 leading unit 4-2 commands the qeury and response generation 
unit 4-3 to generate a response message to notify the 
attribute value determination success, and this response 
message Is outputted from the speech output unit 5 and the 
attribute value is determined (step S8). If there is 
10 another attribute which must be determined In order to 

ascertain the target Information^ the similar processing is 
repeated and then the target information is ascertained. 

On the contrary, when the response indicating negation 
is obtained with respect to the confirmation query (step S7 
15 N0)» or when the prescribed condition for judging that the 
attribute value can be determined only by the confirmation 
process with the user is not satisfied (step S4 NO), the 
dialogue leading unit 4-2 determines to carry out the 
related Information query, and selects an attribute to be 
20 inquired as the related information from the information 
database 7^1 In the system database 7 (step S9). The query 
and response generation unit 4-3 generates a query message 
for inquiring the selected related information and sneds It 
to the speech output unit 5. so as to request the user to 
25 enter an attribute value (step SIO), 

When it is determined to carry out the related 
information query, the dialogue leading unit 4-2 also 
commands the speech identification unit 3 to start the 
recognition processing for the sets of the remaining non- 
30 prioritized recognition target words that are subdivided in 
units of the number specified by the system, and the speech 
recognition unit 3-1 starts the recognition processing for 
each set of the non-prioritized recognition target words 
(step SID - The speech recognition result output unit 3-2 
35 sends the recognition result for each set of the non- 
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prioritized recognition target words whenever it is 
obtained, to the dlalogrue control unit 4, where it Is added 
to the recognition result for the prioritized recognition 
target words that Is held at the result adjustment unit 4- 
5 1- 

While the recognition processing for the non- 
prioritized recognition target words is in progress Inside 
the interactive information retrieval apparatus 1, the 
query message to Inquire the related information is 

10 outputted from the speech output unit 5 to the user« The 

speech input unit 2 receives a user response to the related 
information query and sends it to the speech Identification 
unit 3 which then carries out the priority recognition 
processing for this user response (step S12). 

15 The prescribed number of attribute values that 

constitutes one set of the non-prioritized recognition 
target words Is defined such that the recognition 
processing is already finished at least for the first one 
set (comprising the prescribed number of attribute values) 

20 at this point. 

The speech identification unit 3 checks the progress 
of the related information query whenever the recognition 
processing for one set Is flnshed during the recognition 
processing for the non-prioritized recognition target 

25 words. When the dialogue for the related information query 
Is continuing, the recognition result for the set of the 
non-prlorltlzed recognition target words is sent to the 
dialogue control unit 4. and added to the recognition 
result for those attribute values for which the recognition 

30 has been completed so far that is held in the result 

adjustment unit 4-1. Here, the recognition processing and 
the adding of the recognition result are carried out Tor as 
many sets of the non-prioritized recognition target words 
as possible until the response to the related Information 

35 query is sent from the speech input unit 2. 
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When the user response to the related Information 
query Is received at the speech Identification unit 3, the 
speech recognition unit 3-1 starts the recognition 
processing for the related Information (attribute value) as 
S the recognition target using the Information database 7-1 
of the system database 7. The speech recognition result 
output unit 3-2 sends the recognition result for the 
response to the related Information query to the dialogue 
control unit 4. 

10 The result adjustment unit 4-1 of the dialogue control 

unit 4 cross-checks the received recognition result for the 
related information and the recognition result for the 
attribute values to which the recognition results obtained 
up to that point have been added (step Sl3) , At a time of 

15 cross-checking, the likelihood of each attribute value 

candidate to be a correct one Is re-calculated by applying 
suitable operation on the recognition likelihood of each 
attribute value candidate. 

The dialogue leading unit 4-2 Judges whether the 

20 prescribed condition for Judging that the attribute value 
can be determined only by the confirmation process with the 
user or not according to the re-calculated likelihood (step 
S14), and commands the query and response generation unit 
4-3 to carry out the candidate presentation and the 

25 confirmation query (step SS) or the further related 

Information query (step 89} depending on the Judgement 
result. When the presentation of the cross-checked result 
is negated, the related information query is also carried 
out. During the recognition processing for the response to 

30 the related information query, the recognition processing 
for the set of the non-prioritized recognition target words 
is suspended. 

Also if there is a remaining set of the non- 
prlorltized recognition target words that has not yet 

35 recognition processed, the recognition processing and the 
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result adding for the remaining set is continued when it is 
determined to carry out the related Information query . 
Here* however, at a time of cross-checking the recognition 
result for the non-prlorltlzed recognition target words at 
S the result adjustment unit 4-1 of the dialogue control unit 
4» if there exists the related information that has already 
been obtained by the past related information query, the 
recognition result for the attribute value candidates is 
added after cross-checking with the already obtained 

10 related information is done. 

By repeating this series of operations until the 
attribute value can be determined, the target Information 
is ascertained. 

In the following, the interactive information 

15 retrieval method of this embodiment will be described for a 
concrete example. Here, the case of applying the 
interactive information retrieval method of this embodiment 
to an Input Interface for "address determination system" 
will be described. In this example « the target information 

20 is an address (in Japan). 

The number of address candidates for all of Japan 
exceeds the number that can be processed In the real 
dialogue processing time, so that the information database 
to be utilized in the address determination Is 

25 hierarchically structured such that the prefectures (47 
attribute values) » cities or towns in the preferctures 
(4,100 attribute values), and sections in the cities or 
towns (180.000 attribute values) are used as the attributes 
constituting the address, by setting the prefectures at the 

30 highest level, the cities or towns at the next level, and 
the sections at the lowest level. An example of the 
information database to be utilized In the address 
determination is shown in Fig. 4. 

The current speech recognition technology is such that 

35 It Is impossible to complete the recognition processing for 
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4,100 candidates for the cities or towns and 180,000 
candidates for the sections In the real dialogue processing 
tlm . For this reason, the conventional method has no 
choice but adopting a method in which the prefetcture Is 
5 Inquired first, the confirmation Is repeated until the 
prefecture Is determined, then the recognition target Is 
limited to the cities or towns in that prefecture and the 
city or town is inquired and determined next. However, from 
a viewpoint of the user, to he sequentially inquired from 

10 the name of the prefecture Is circuitous, and in the case 
of specifying up to the section. It is necessary to carry 
out the Input requests at least three rimes for the 
prefecture, the city or town, and the section, as well as 
the repetition of the confirmation process until each input 

15 is determined. 

In this example, the case of specifying up to the city 
or town of the address will be considered* The interactive 
information retrieval apparatus defines the importance 
levels with respect to the cities or towns according to 

20 their past access frequencies, their sizes (populations), 
etc, . and selects top 100 cities or towns that are expected 
to be capable of being processed in the real dialogue 
processing time as the priori tyrecognltlon target words • 
Then, the input of the name of the city or town is 

25 requested to the user. According to the recognition result 
for the city or town, whether the city or town can be 
determined only by the confirmation process with the user 
or not Is Judged. In this example, this Judgement is made 
according to the number of retrieval key candidates that 

30 have the recognition likelihood greater than a prescribed 
threshold which is obtained by comparing the recognition 
likelihood and the prescribed threshold. When the number of 
the retrieval key candidates that have the recognition 
likelihood greater than the prescribed threshold is less 

35 than or equal to 2 but not 0, it is Judged that the 
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retrieval key can be derermlned only by the confirmation 
process so that the confirmation process by presenting the 
candidates Is carried out. When the number of candidates 
that have the recognition likelihood greater than the 
5 prescribed threshold Is 0 or greater than 2» the related 
information query is carried out. 

The remaining 4.000 non-prioritized recognition target 
words are subdivided into 8 sets of 500 each, in an order 
of the Inportance levels according to the specified 

10 dialogue time required for the related information query - 
In this example, the recognition processing and the result 
adding are carried our by utilizing the dialogue time 
during which the retrieval key determination related query 
Is carried out. Here. It is possible to expect that the 

15 recognition processing for 2,000 candidates (4 sets) can be 
completed in one related Information query dialogue time. 

Now, the case of ascertaining the user input 
"Chlgasakl, Kanagawa" will be described. The user enters 
the name of the city "Chlgasaki" of the address that the 

20 user wants to request. Assuming that the Importance level 
of Chlgasaki Is 500-th from the top, Chlgasaki Is not 
contained in the prioritized recognition target words. 

When the speech retrieval key of "Chlgasaki" is 
entered from the speech Input unit 2, the speech 

25 recognition unit 3-1 of the speech identification unit 3 
carries out the speech recognition processing with respect 
to the 100 prioritized recognition target words (cities or 
towns) In the information database 7-1 • 

The speech recognition result output unit 3-2 sends 

30 the recognition result for the prioritized recognition 

target words to the dialogue control unit 4. An example of 
the recognition result Is shown in Fig, S. The result 
adjustment unit 4^1 holds this recognition result and sends 
it to the dialogue leading unit 4-2. The dialogue leading 

35 unit 4-2 compares the calculated recognition likelihood 
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with the prescribed threshold for the 100 cities or towns 
that are the prioritized reco^ltlon target words. In this 
example, the prescribed threshold Is assumed to be l«O00. 
As can be seen from Fig. 5, therte is no city or town 
5 candidates that have the recognition likelihood greater 
than the prescribed threshold In this case. 

Consequentlyt the dialogue leading unit 4-2 determines 
to carry out the related information query » and selects the 
attribute to be utilized as the related information from 
10 the Information database 7-1, In this example, the 

hierarchically adjacent prefecture Is selected as the 
attribute. When it is determined to carry out the related 
information query, the speech recognition unit 3-1 starts 
the recognition processing for the remaining non- 
15 prioritized recognition target words* Here, the recognition 
processing is carried out for each set of 500 cities or 
towns that are the non-prioritized recognition target 
words. The speech recognition result output unit 3-2 sends 
the recongltlon result for each set of 600 cities or towns 
20 to the result adjustment unit 4-1 of the dialogue control 
unit 4, and adds it to the recognition result for the 100 
cities or towns that are the prioritized recognition target 
words. In this example, the name of the prefecture Is 
Inquired as the related information query » and the 
25 recognition processing for 2,000 candidates (4 sets) are 
expected to be completed until the user*s response 
*'Kanagawa" Is entered. An exemplary result obtained by 
adding the recognition result for 4 sets of the non- 
prlorltlzed recognition target words is shown in Fig. 6, 
30 The dialogue leading unit 4-2 then commands the query 

and response generation unit 4-3 to generate the related 
Information query for inquiring the name of the prefecture, 
and the query message is outputted from the speech output 
unit 5, 

35 When the user's response "Kanagawa" is entered from 
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the speech input unit 2, the recognition processing for the 
non^priorltlzed recognition target words is suspended. In 
the speech Identification unit 3, the entered prefecture is 
recofirnlzed at the speech recognition unit 3-1 and the 
5 result is sent from the speech recognition result output 
unit 3-2 to the result adjustment unit 4-1 of the dialogue 
control unit 4. An example of the recognition result for 
the prefecture is shown in Fig. 7. 

At this point, the result adjustment unit 4-1 holds 

10 the result for 2.100 cities or towns (100 prioritized 
recognition target words + 2,000 non-prlorltlzed 
recognition target words that are recognition processed 
during the related information query dialogue time) for 
which the recognition processing has been completed so far 

IS (Fig. 6)- 

The result adjustment unit 4-1 refers to the 
Information database 7-1. and cross-checks the recognition 
results for the city or town candidates and the prefecture 
candidates. In this example, the cross-checking processing 

20 Is defined to be a multiplication of the recognition 
likelihoods of the related attribute values. In other 
words, for each city or town candidate, the prefecture to 
which this city or town candidate belongs is Judged by 
referring to the Information database 7-1, and the 

25 recognition likelihood of this city or town candidate Is 
multiplied by the recognition likelihood of the belonging 
prefecture. The multiplication result is then held as a new 
recognition likelihood » An exemplary result of the cross- 
checking is shown In Fig. 8. 

30 As can be seen from the result of the multiplication 

shown in Fig- 8, the top two retrieval key candidates 
"Chlgasakl, Kanagawa*' and '*Takamatsu, Xagawa** have the 
cross-checked likelihood greater than the threshold 
(1,000,000). The dialogue leading unit 4-2 determines to 

35 carry out the confirmation process by presenting these two 
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candidates sequentially, and commands the query and 
response ffeneratlon unit 4-3 to generate the confirmation 
query message. When the response to the presentation of 
**Chleasakl, Kanagawa*' outputted from the speech output unit 
5 5 Is entered from the speech input unit 2, the speech 

identification unit 3 carres out the recognition processing 
using the YES/NO type template database 7-2 as the 
recognition target. As a result of the recognition, the 
response indicating affirmation Is obtained so that the 

10 dialogue leading unit 4-2 judges that the target city or 
town is determined as "Chlgasaki"^ and outputs a 
notification of this fact from the speech output unit 5. 
Here, the prefecture can be derived automatically from The 
city or town according to the relations among the 

15 attributes in the Information database 7-1, so that the 
target address Is ascertained at this point. 

According to the first scheme of the present invention 
described in this embodiment ► the importance levels are 
defined with respect to the attribute values In the number 

20 exceeding the number that can be processed in the real 

dialogue processing time, and the attribute values with the 
higher imporatance levels in the number than can be 
processed in the real dialogue processing time are selected 
and the priority recognition processing for them is carried 

25 out. In this way. the number of the recognition target 
words can be seemingly narrowed down so that there is no 
need to keep the user awaiting, and moreover* the 
recognition result having a tolerable level of accuracy for 
the user can be expected as the recognition target words 

30 are narrowed down;. 

In addition, in the case where the Importance levels 
are defined according to the past access frequencies . the 
possibility for the user's input to be the attribute value 
with the high importance level becomes higher when the 

35 access frequencies have the larger bias. Consequently, in 
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the concrete example described above, for example. In 
contrast to the conventional method In which It is only 
possible to determine the prefecture and then the city or 
town In this order, the user Is allowed to enter the city 
5 or town from the beelnnlnsr and the higher level prefecture 
can also be determined once the city or town Is determined, 
so that It becomes possible to finish the retrieval 
processing only by the input of the city or town. In this 
way» it is possible to expect the reduction of the number 

10 of user utterances and the shorteninir of the overall 
dialoiTue time. 

Even when the user Input is the non-priorltlzed 
recognition target word, the recognition processing for the 
non-prioritized recognition target words is carried out by 

IS utilizing the related information query dialogue time, the 
obtained recongltion result is added to the already 
obtained recognition result, and the attrlblute value 
candidates are narrowed down according to the relevancy 
with respect to the obtained related information, so that 

20 it becomes possible to carry out the recognition processing 
for the attribute values In the number exceeding the number 
than can be processed in the real dialogue processing time 
and to compensate for incompleteness of the speech 
recognition accuracy without making the user conscious of 

25 it. In contrast to the conventional method In which the 
confirmation process is repeated until the correct one is 
determined, the related information query is carried out so 
that it appears that the attribute value is determined 
through the natural dialogues from a viewpoint of the user, 

30 and it also becomes possible to allow the user to 

immediately enter the attribute value that seems to be more 
suitable for ascertaining the target information 
efficiently from a viewpoint of the user (the attribute 
value that is more in accord with the user preference). 

35 In the concrete example described above, the case of 
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derermlnlnt? rhe address up to the city or town has been 
described, but In the case of specifying up to the section, 
It Is possible to determine the section from 180,000 
section candidates by carrying out the similar dialogue 
5 processing using rhe prefecture and the city or town as the 
related Information and the sections as the recogntion 
tarhet attribute values. 

In addition, it is also possible to use the speech 
input of the attribute values for plural attributes by 

10 selecting the prioritized recognition target words over 
plural attributes (levels) froo the entire information 
database, without limiting to a specific attribute. In 'this 
case, by defining the Importance levels with respect to all 
of the prefectures, the cities or towns and the sections, 

IS and selecting the prioritized recognition target words from 
all levels, it becomes possible to determine the input 
attribute value of any level, without specifying the 
attribute to be entered first by the user from the system 
side. By not specifying the attribute to be entered first 

20 by the user from the system side, it becomes possible to 
realize the interactive information retrieval that is even 
more in accord with the user preference. 

Note that the address determination of the concrete 
example described above can be utilized for an address 

25 input in the product delivery, the telephone number search, 
ot the postal code search, and the interactive information 
retrieval method of this embodiment Is easily applicable to 
the ticket reservation, the target location search by an 
automotive global positioning systems, and the station 

30 search. In addition, this interactive information retrieval 
method is also applicable to the name search by providing a 
plurality of attributes such as address, sex. Job, age, 
telephone number, etc., as the related attribute 
information and utilizing them in slotable combination. 

35 
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Referring now to Flff. 9 to Fig. 22, the second 
embodiment dlrecred to the above described second scheme of 
the present Invention will be described In detail. 

Flff. 9 shows an exemplary contlg-uratlon of a speech 
5 recornltton based interactive information retrieval 
apparatus in the second embodiment of the present 
Invention. This interactive Information retrieval apparatus 
11 comprises a speech input unit 12. a speech 
identification unit 13, a dialogrue control unit 14 » a 

10 speech retrieval key relevancy calculation unit 15, and a 
speech output unit 16. The speech identification unit 3 
further comprises a speech recognition unit 13-1 and a' 
speech recognition result output unit 13-2. The dialogue 
control unit 14 further comprises a result adjustment unit 

15 14-1, a dialogue leading unit 14-2, and a query and 
response generation unit 14-3. 

The speech identification unit 13 utilizes a speech 
recognition device 18. and the speech output unit 16 
utilizes a speech output device 19, Also, the speech 

20 recognition processing for Input speech at the speech 

identification unir 13 and the next dialogue leading at the 
dialogue leading unit 14-2 of the dialogue control unit 2 4 
utilize a speech recognition database 17. The speecn 
recognition database 17 comprises a plurality of 

26 statistically hierarchlzed databases 17-1, a retrieval key 
attribute database 17-2 that stores attribute items of 
retrieval key candidates for all retrieval target speech 
retrieval keys, a related information recognition result 
table storage area 17-3 and a YES/NO type template database 

30 17-4. 

Fig, 10 shows an exemplary overview of the 
statistically hierarchlzed databases 17*1. Here, the 
importance levels according to statistical information such 
as past access frequencies by system users are defined with 
35 respect to all speech retrieval key candidates that 
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consxirure speech recognition target words, and the 
statistically hierarchlzed databases 17-1 are formed by 
subdividing the speech recognition targ t data in a 
hierarchical structure In an order of the Importance 
5 levels. 

The speech input unit 12 enters an Input speech of the 
user into the speech Identification unit 13. 

In the speech Identification unit 13, the speech 
recoernltloA unit 13-1 carries out the speech recognition 

10 processing using the speech recognition device 18 with 
respect to the input speech entered from the speech input 
unit 13 first. At this point, the speech recognition device 
18 refers to the speech recognition database 17 according 
to a stage of the dialogue leading to which the input 

15 speech correspond- Namely, the retrieval key attribute 
database 17-2 and the related information recognition 
result table storage area 17-3 are referred when a response 
to the retrieval key determination related query is entered 
from the speech input unit 12, and the YES/NO type template 

20 database 17-4 Is referred when a response to the 

presentation of the speech retrieval key candidate is 
entered from the speech Input unit 12. 

Here, the speech recognition processing is started 
parallelly with respect to all levels of the statistically 

25 hierarchlzed databases 17-1 simultaneously as the speech 
retrieval key Is entered from the user. Then, the speech 
recognition result output unit 13-2 produces a speech 
recognition result table in which the retrieval key 
candidates for the statistically hierarchlzed database 17-1 

30 of each level are arranged in a descending order of their 
recognition likelihoods, when the speech recognition 
processing for the statistically hierarchlzed database 17-1 
of each level is finished. An example of the speech 
recognition result table with respect to the highest level 

35 statistically hierarchlzed database is shown in Fig. 11. 
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Because of the difference in the number of recognition 
target words contained* the speech recognition processing 
and the speech recognition result table production for the 
highest level statistically hlerarchlzed database are 
5 finished earliest among the statistically hlerarchlzed 
databases 17-1. When the speech recognition result table 
for the highest level statistically hlerarchlzed database 
is produced, the recognition result is sent to the dialogue 
control unit 14. At this polnr, the speech recognition 

10 processing and the speech recognition result table 

production for the lower level statistically hlerarchlzed 
databases are continued even when the processing for the 
higher level proceeds to the next stage. 

The dialogue control unit 14 determines a dialogue 

15 leading to be carried out next by the Interactive 

information retrieval apparatus 11 with respect to the 
user, according to the number of speech retrieval key 
leading candidates having the retrieval key likelihood that 
exceeds a prescribed likelihood threshold in the speech 

20 recognition result table for the highest level 

statistically hlerarchlzed database sent from the speech 
recognition result output unit 13-2 of the speech 
identification unit 13 • 

When the speech recognition result table with respect 

25 to the speech retrieval key is received at the result 

adjustment unit 14-1, if the number of the speech retrieval 
key leading candidates in the recognition target 
statistically hierarchized database Is less than or equal 
to a prescribed number bur not zero, the dialogue leading 

30 unit 14-2 determines to carry out the retrieval key 

determination related query by referring to the retrieval 
key attrlbure database 17-2 shown in Fig. 12. and the 
retrieval key determination related query Is generated by 
the query and response generation unit 14-3. Here, the next 

35 dialogue leading conditions are determined in advance as 
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follows, for example. 

1. A case where the speech retrieval key leading 
candidates greater than the prescribed number are 
outputted. 

5 2. A case where there ts no speech retrieval key 

leading candidate, 

3, A case where a candidate that Is determined as the 
speech retrieval key as a result of the cross-checking of 
the related attribute information candidates obtained from 

10 the retrieval key determination related query and the 
recognition likelihoods is presented but negated by the 
user as not corresponding to the speech retrieval key. 

4, A case where there Is no candidate which is related 
to the related attribute Information candidates obtained 

15 from the retrieval key determination related query among 
the speech retrieval key leading candidates as a result of 
referring to the retrieval key attribute database. 

Only in the case where the recognition target Is the 
highest level, when the recognition result in the 

20 recognition target statistically hierarchized database 

satisfies any of the above described next dialogue leading 
conditions, if no related attribute information has been 
obtained yet, the dialogue control unit 14-2 determines to 
carry out a new retrieval key determination related query 

25 and commands the query and response generation unit 14-3 to 
generate a query message. In the other cases, the relevancy 
of the related attribute information candidates obtained by 
then and the speech retrieval key candidates in the 
recognition target statistically hierarchlzed database is 

30 Judged by referring to the retrieval key attribute database 
17-2 and the related Information recognition result table 
storage area 17-3, and the normalization and the cross- 
checking of the recognition likelihoods are carried out by 
accessing the speech retrieval key relevancy calculation 

35 unit 15. Then, the query and response generation unit 14-3 
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Is commanded to ffenerare a query message for presenting the 
speech retrieval key that has the highest newly calculated 
retrieval key recognition likelihood. 

During the above operation, the speech recognition 
S processing and the speech recognition result table 
production for the other levels of tlxe statistically 
hlerarchlzed databases 17-1 are continually carried out by 
the speech recognition unit 13-1 and the speech recognition 
result output unit 13-2 of the speech identification unit 
10 13. 

Then, the generated response message or query message 
Is outputted to the user from the speech output unit 16 
using the speech output device 19, and a user's response is 
obtained at the speech input unit 12 again. The speech 

15 identification unit 13 carries out the speech recognition 
processing for the user^s response to the response message 
or query message entered from the speech input unit 12 
again and outputs the result. 

By this time, the speech recognition result table 

20 production for the second statistically hlerarchlzed 
database is already finished. 

When the user's response received from the speech 
Input unit 12 is a response to the retrieval key 
determination related query, the speech recognition result 

25 output unit 13-2 produces a related Information recognition 
result table from the result of the speech recognition 
processing by the speech recognition unit 13-1, and stores 
It in the related Information recognition result table 
storage area 17-3 of the speech recognition database 17, 

30 while also sending the result to the result adjustment unit 
14-1. An example of the related information recognition 
result table is shown in Fig. 13. 

When the related Information recognition result table 
is received at the result adjustment unit 14-1, the 

35 dialogue leading unit 14-2 determines a policy for the 
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dlalogrue according to the number of the speech retrieval 
key leading candidates having the retrieval key recognition 
likelihood that exceeds the prescribed likelihood threshold 
by referring to the speech recognition result table for the 
5 second statistically hierarchlzed database for which the 
speech recognition processing and the speech recognition 
result table production are already finished, similarly as 
in the dialogue leading for the highest level statistically 
hlerarchized database. 

10 When the number of the speech retrieval key leading 

candidates in the speech recognition result table for the 
second statistically hierarchlzed database is less than or 
equal to the prescribed number but not zero, the narrowing 
down by the retrieval key determination related query is 

IS carried out. and when any of the next dialogue leading 

conditions is satisfied, the relevancy with respect to rhe 
related attribute information candidates obtained by then 
is Judged and the recognition likelihoods are cross- 
checked, and the speech retrieval key candidate with the 

20 highest retrieval key recognition likelihood is determined 
as the speech retrieval key. 

When the response to the speech retrieval key 
presentation is received at the result adjustment unit 14- 
1. if the response is "Yes'\ the dialogue leading unit 14-2 

25 determines to generate a response message for notifying the 
speech retrieval key determination success and the query 
and response generation unit 14-3 generates this response 
message, and then the processing is finished. On the 
contrary, if the response is "No", the next dialogue 

30 leading condition Is satisfied so that the result 

adjustment unit 14-1 commands the further dialogue leading 
to the dialogue leading unit 14-2 and the dialogue leading 
using the recognition result for the third statistically 
hierarchlzed database is started, 

35 In this way, the normalization and the cross-checking 
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of the recognition likelihoods utilizing the related 
attribute Information obtained by the retrieval key 
determination related query are repeated until the speech 
retrieval key Is determined, by following the dialogue 
5 policy according to the number of the speech retrieval key 
leading candidates. 

Fig. 14 shows the processing procedure of the dialogue 
control unit 14 in the interactive information retrieval 
apparatus 11 of this embodiment. 

10 First, when the speech recognition result table 

obtained from the highest level statistically hierarchized 
database exists (step S21), if the number of the speech 
retrieval key leading candidates having the retrieval key 
recognition likelihood that exceeds the prescribed 

15 likelihood threshold Is less than or equal to the 

prescribed number such as 2 but not zero (step S22)» the 
retrieval key determination related query is carried out 
with respect to the user In order to obtain the related 
attribute information according to the speech retrieval key 

20 candidates narrowing down method (step S23} » and the speech 
recognition processing for the user's response to the 
retrieval key determination related query is carried out 
using the speech recognition device and the related 
information recognition result table is produced (step 

25 S24). 

When the obtained related attribute information 
candidate is found to be related to the speech retrieval 
key leading candidate In the highest level statistically 
hierarchized database that is currently being narrowed down 

30 by referring to the retrieval key attribute database (step 
S25), the related information recognition likelihood of 
rhat related attribute Information and the retrieval key 
recognition likelihood of that speech retrieval key leading 
candidate are cross-checked to yield a new recognition 

35 likelihood for that speech retrieval key leading candidate 

-66- 



(step S26), and the speech retrieval key candidate having 
the hlghesx retrieval key recognition likelihood Is 
presented to the user and the confirmation process is 
carried out (step S27), 
5 Here, the next dialogue leading conditions are 

determined in advance as follows, for example. 

1, A case where the speech retrieval key leading 
candidates greater than the prescribed nucaber are 
outputted. 

10 2. A case where there is no speech retrieval key 

leading candidate . 

3. A case where a candidate that is determined as the 
speech rexrleval key as a result of the cross-checking of 
the related attribute information candidates obtained from 

15 the retrieval key determination related query and the 
recognition likelihoods Is presented but negated by the 
user as nox corresponding to the speech retrieval key. 

4« A case where there is no candidate which is related 
to the related attribute Information candidates obtained 

20 from the retrieval key determination related Query among 
the speech retrieval key leading candidates as a result of 
referring to the retrieval key attribute database. 

In the case other than the above described case where 
the number of the speech retrieval key leading candidates 

25 Is less than or equal to the prescribed number but not 
zero, when any of the above described four next dialogue 
leading conditions is satisfied (step S28) , If the already 
obtained related attribute information candidate exists 
(step S29>, the recognition result for the next level is 

30 obtained (step S32) and the relevancy with respect to the 
related attribute information candidate is obtained (step 
S33). If the already obtained related attribute information 
candidate does not exist, the retrieval key determination 
related query is newly carried out (step S30) and the 

35 related information recognition result table is produced 
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I step S31), and then the recognition result for the next 
level Is obtained (step S32) and the relevancy with respect 
to the related attribute information candidate is obtained 
(step S33) • 

S When the related attribute information candidate so 

obtained is found to be related to the speech retrieval key 
leading candidate in the next (lower) level statistically 
hierarchized database for which the speech recognition 
processing and the speech recognition result are already 

10 finished at this point, by referring to the retrieval key 
attribute database, the retrieval key recognition 
likelihood of the speech retrieval key leading candidate 
and the related information recognition likelihood of the 
related attribute information are cross-checked to yield a 

15 new retrieval key recognition likelihood (step S34), 

When the number of the speech retrieval key leading 
candidates in the next level statistically hierarchized 
database is less than or equal to the prescribed number 
such as 2 but not zero (step S22), the retrieval key 

20 determination related query is carried out with respect to 
the user in order to obtain another related attribute 
Information according to the speech retrieval key 
candidates narrowing down method (step S23) , and the speech 
recognition processing for the user's response to the 

25 retrieval key determination related query is carried out 
using the speech recognition device and the related 
Information recognition result table Is produced (step 
S24). 

Then, the relevancy with respect to all the related 
30 attribute Information candidates obtained by this and 
earlier retrieval key determination related queries is 
comprehensively evaluated (step S25), the related 
information recognition likelihood of the related attribute 
information is cross-checked with the retrieval key 
35 recognition likelihood of the speech retrieval key leading 
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candidate in the next level statistically hierarchlzed 
database which Is the current r cognition target (step 

and the speech retrieval key candidate having the 
highest retrieval key recognition likelihood Is presented 
5 to the user and the confirmation process Is carried out 
(step 527) . 

Then, when any of the above described four next 
dialogue leading conditions is satisfied by the speech 
recognition result for the next level statistically 

10 hierarchlzed database (step 828), the next lower 

statistically hierarchlzed database for which the speech 
recognition processing and the speech recognition result 
table production are already finished at this point Is 
processed similarly as the higher level statistically 

15 hierarchlzed database (steps S29, S30» S31, and S32), and 
when all the related attribute information candidates 
obtained so far are found to be related (step S33)» the 
recognition likelihoods are cross-checked to yield a new 
retrieval key recognition likelihood (step S34), 

20 When the number of the speech retrieval key leading 

candidates Is less than or equal to tne prescribed number 
such as 2 but not zero (step S22), the retrieval key 
determination related query, the speech retrieval key 
candidates narrowing down, and the cross-checking of the 

25 recognition likelihoods and all the related attribute 

information candidates obtained by then in the case where 
the next dialogue leading condition is satisfied, are 
repeated until the speech retrieval key is determined. 
In the following, the interactive information 

30 retrieval method of this embodiment will be described for a 
concrete example. Here, the case of applying the 
Interactive Information retrieval method of this embodiment 
to the determination of a name of a ticket entered by the 
user in a ticket reservation system having a task of 

35 reserving a concert ticket will be described. 
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In the ticker reservation system. It Is assumed that 
the Initial likelihood threshold specified by the system Is 
3500. and the prescribed number of the speech retrieval key 
leading candidates specified by the system for the purpose 
5 of the dlalog:ue leading Is 2, such that the retrieval key 
determination related query will be carried out with 
respect to the user when the number of the speech retrieval 
key leading candidates having the recognition likelihood 
that exceeds the prescribed likelihood threshold 3500 is 
10 less than or equal to 2, and the recognition target 

database will be shifted to the next level when the number 
of the speech retrieval key leading candidates is greater 
than 2. 

tfere, the operations in the case where the user makes 

15 a reservation of a concert ticket for "Gustav Leonhardt" 
will be described. In this concert ticket reservation 
system, the retrieval database has data of 350 concert 
performers overall. These 350 concert performers are 
subdivided into four levels of the statistically 

20 hlerarchlzed databases according to the access frequencies 
(utilizing the popularity ranking based on CD sales of the 
past year, for example). As shown In Fig. 15, the first 
level (highest level) comprises a list of top 60 performers 
that are presumably most popular, the second level 

25 comprises a list of top 150 performers in which 90 next 

popular performers are added to 60 performers on the first 
level list, the third level comprises a list of top 250 
performers in which 100 next popular performers are added 
to 150 performers on the second level list, and the fourth 

30 level comprises a list of all 350 performers • The target 
speech retrieval key "Gustav Leonhardt" is the 90th in the 
popularity ranking so that It does not exist in the first 
level statistically hlerarchlzed database. 

When the speech retrieval key "Gustav Leonhardt" Is 

35 entered from the speech input unit 12, the speech 
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recogrnition processing: for all four levels of the 
statistically hlerarchlzed databases 17-1 is started 
simultaneously In parallel at the speech recognition unit 
13-1 of the speech identification unit 13. 
5 The speech recognition result output unit 13-2 

produces the speech recognition result table as shown in 
Fig. 16 by arranging 60 performers in the list of the 
highest level statistically hierarchized database in a 
descending order of the retrieval key recognition 

10 likelihood according to the speech recognition result of 
the speech recognition unit 13-1. and sends it to the 
dialogue control unit 14. 

The result adjustment unit 14-1 selects the speech 
retrieval key leading candidates having the retrieval key 

15 recognition likelihood that exceed the prescribed 

likelihood threshold 3500 from the speech retrieval key 
candidates in the speech recognition result table of Fig. 
16. As can be seen in Fig. 16, there are five speech 
retrieval key leading candidates "London Symphony", "Boston 

20 Symphony", "New York Philharmonic", "Vienna State Opera" 
and "Metropolitan Opera** in this case. 

Since the number of the speech retrieval key leading 
candidates Is greater than the prescribed number 2, the 
dialogue leading unit 14-2 Judges that the next dialogue 

25 leading condition No. 1 is satisfied, and since no related 
attribute information has been obtained at this point, the 
dialogue leading unit 14-2 determines to carry out the 
retrieval key determination related query In order to 
obtain the related attribute information. 

30 As shown in Fig, 17, the retrieval key attribute 

database 17-2 stores the attribute values of the attribute 
items for all 350 concert performers, such as the concert 
date, the day of the week of the concert, the place of the 
concert, the prefecture in which the place of the concert 

35 is located, and the style of music to be played in the 
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concert • 

The dialogue leading unit 14-2 determines to inquire 
the concert date as the retrieval key determination related 
query according to the retrieval key attribute database of 
5 Fig. 17, and commands the query and response generation 
unit 14-3 to generate the retrieval key determination 
related query of "What is the date of this concert?". 

The speech output unit 16 presents this retrieval key 
determination related query for inquiring the concert date 

10 to the user using the speech output device 19. 

Then, the response "March 3" to this retrieval key 
determination related query from the user is entered from 
the speech input unit 2, 

The speech recognition unit 13-1 carries out the 

15 speech recognition processing using the speech recognition 
device 18 for the user's response "March 3** that is sent to 
the speech identification unit 13, and the speech 
recognition result output unit 13-2 produces the related 
information recognition result table as shown in Fig. 18 in 

20 which the concert date candidates are arranged in a 

descending order of the recognition likelihood by referring 
to the date column of the retrieval key attribute database 
17-2 and sends it to the dialogue control unit 14. 

By this time, the speech recognition processing and 

25 the speech recognition result table production for the 

second statistically hlerarchlzed database (containing 150 
performers) are finished. The speech recognition result 
table for the second statistically hlerarchlzed database Is 
shown In Fig. 18. 

30 The result adjustment unit 14-1 of the dialogue 

control unit 14 refers to the second statistically 
hlerarchlzed database, and commands the speech retrieval 
key relevancy calculation unit 15 to carry out the 
normalization and multiplication of the retrieval key 

35 recognition likelihood of the speech retrieval key 
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candidate and the related Information reccgriitlon 
likelihood of The related attribute information candidate, 
y/irh respect to the concert date candidates in the related 
information recognition result of Fig. 1 regarding the 
5 concert date and the speech retrieval key candidates which 
are found to be related to the speech retrieval key 
candidates in the speech recognition result table for the 
second statistically hierarchlzed database. 

The speech retrieval key relevancy calculation unit 15 

10 first normalizes the retrieval key recognition likelihoods 
in the speech recognition result table of Fig. 19 as 
indicated in the rightmost column* Then, the concert date 
Information of "Hesperlon XX: March SO**, "Consort of 
Muslcke: April 10", "London Symphony: May 30". "Gustav 

15 Leonhardt: March 3'\ and "Boston Symphony: April 10" are 
obtained as the related attribute Information for the five 
speech retrieval key candidates having the recognition 
likelihood that exceeds the prescribed likelihood threshold 
3500 in the speech recognition result table of Fig. 19, by 

20 referring to the retrieval key attribute database 17-2. 
Also, the related information recognition likelihoods for 
the concert date candidates in the related Information 
recognition result table of Fig. 18 are normalized as 
indicated in the rightmost column. 

25 Then, when the concert date candidate coincides with 

any of the concert dates of the five retrieval key 
candidates "Hesperion XX". "Consort of Muslcke", "London 
Symphony", "Gustav Leonhardt", and "Boston Symphony" having 
the recognition likelihood that exceeds the prescribed 

30 likelihood threshold 3500 in the speech recognition result 
table of Fig, 19 obtained from the second statistically 
hierarchlzed database, the normalized related information 
recognition likelihood in the related information 
recognition result table and the normalized retrieval key 

35 recognition likelihood of the speech retrieval key 
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candidate In the speech recognition result table, so as to 
obtain the new recognition likelihoods for "Hesperlon XX", 
•Xonsort of Musicke". "London S3nnphony"» "Gustav 
Leonhardt", and "Boston Symphony". 
5 In other words, based on the relevancy of the speech 

retrieval key candidates "Hesperlon XX", "Consort of 
Musicke", "London Symphony", "Gustav Leonhardt" and "Boston 
Symphony" In the speech recognition result table of Fig, 19 
with respect to the concert dates in the related 

10 information recognition result table, a product of the 

normalized retrieval key recognition likelihood of each of 
these speech retrieval key candidates and the normalized 
related information recognition likelihood of the related 
concert date is calculated as the new recognition 

15 likelihood. 

In this case» as shown in Pig. 20, the concert date 
"March 30" of "Hesperlon XX** has the normalised related 
Information recognition likelihood of 0.0055 In the related 
information recognition result table so that the new 

20 recognition likelihood of "Hesperlon XX" is given by 0.0080 
* 0.0055 « 0,00044. Similarly, the normalized recognition 
likelihood 0.0077 of "Consort of Musicke" is multiplied 
with the normalized related information recognition 
likelihood 0.0080 of "April 10" to yield the new 

25 recognition likelihood of 0.000062. For "London Symphony", 
the new recognition likelihood is to be obtained by 
multiplying the normalized related information recognition 
likelihood of "May 30", but in this example it Is assumed 
that '^May 30" is not included In the recognition target 

30 words so that this date is not recognizable and therefore 
the related Information recognition result Is not obtained, 
and for this reason the new recognition likelihood of 
"London Symphony" is set equal to 0. The normalized 
recognition likelihood 0.0072 of "Gustav Leonhardt" Is 

35 multiplied with the normalized related Information 
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recognition likelihood 0.0077 of "March 3" to yield th new 
recognition likelihood of 0.000056, and the normalized 
recognition likelihood 0.0067 of "Boston Symphony" is 
multiplied with the normalized related information 
5 recognition likelihood 0.0080 of "April 10" to yield the 
new recognition likelihood of 0.000054. 

The result adjustment unit 14-X sends the result of 
calculating the new recognition likelihoods by the 
normalization and the cross-checking for the speech 

10 retrieval key candidates of the second statistically 

hlerarchlzed database that are selected as described above, 
to the dialogue leading unit 14-2. 

The dialogue leadlnsr unit 14-2 defines the renewed 
likelihood threshold for the retrieval key recognition 

IB likelihoods of the second statistically hlerarchlzed 
database as 0.2590 according to the normalized new 
recognition likelihood. This renewed likelihood threshold 
is determined to be a value which is smaller than the 
highest likelihood value by more than a prescribed value, 

20 for example. Then, the dialogue leading according to the 
number of the speech retrieval key candidates having: the 
normalized new recognition likelihood that exceeds the 
renewed likelihood threshold 0.2590 is started. As can be 
seen in Fig. 20, there are two speech retrieval key leading 

25 candidates "Consort of Muslcke" and ''Gustav Leonhardt" 

which have the recognition likelihood exceeding 0.2590 in 
this case. 

Since the number of the speech retrieval key leading 
candidates in the normalized and cross-checked recognition 

30 result table is less than or equal to the prescribed number 
2, the dialogue leading unit 14-2 determines to carry out 
the narrowing down of the leading candidates by obtaining a 
new related attribute information and determines to inquire 
the place of the concert as the new related attribute 

35 information, by referring to the retrieval key attribute 
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daxabase 17-2- 

The query and response generation unit 14-3 generates 
the retrieval key determination related query of "Please 
answer the place of this concert" for Inquiring the place 
5 of the concert, and this retrieval key determination 

related query is outputted from the speech output unit IB. 

Then, the response speech "Casals Hall" by the user Is 
entered from the speech Input unit 12, and sent to the 
speech identification unit 13. The speech recognition 

10 processing for the place of the concert candidate Is 
carried out at the speech recognition unit 13-1 of the 
speech identification unit 13, the related information 
recognition likelihood of each candidate is calculated at 
the speech recognition result output unit 13-2, and the 

15 related Information recognition result table Is sent to the 
dialogue control unit 14. The related information 
recognition result table for the place of the concert 
obtained as the related attribute information is shown In 
Fig, 21. The rightmost column in the related information 

20 recognition result table of Fig. 21 is the normalized 
recognition likelihood. 

Then, the result adjustment unit 14-1 commands the 
speech retrieval key relevancy calculation unit IS to carry 
out the cross-checking of the recognition likelihoods by 

25 Judging the relevancy of the speech retrieval key leading 
candidates in the second statistically hlerarchized 
database which Is currently a target of the narrowing down, 
with respect to both of the related attribute information 
Including the place of the concert now obtained and the 

30 concert date Information that was obtained earlier by 
Inquiring the concert date which is now stored in the 
related information recognition result table storage area. 

The speech retrieval key relevancy calculation unit 15 
carries out the cross-checking of the retrieval key 

35 recognition likelihood and the related Information 



-76- 



recognition likelihood of each related attribute 
information when the speech retrieval key leading: 
candidates "Consort of Muslcke" and "Gustav Leonhardt" are 
found to be related to the related attribute information 
5 candidates In the concert date recognition result and the 
place of the concert recognition result that Is newly 
obtained, by referring to the retrieval key attribute 
database 17-2. 

Namely, In this case, as shown in Fig. 21, "Casals 

10 Hall", "Orchard Hall". "Festival Hall", "Symphony Hall'\ 
"NHK Hall", etc.. are obtained as the related attribute 
information candidates for the place of the concert. The 
normalized new recognition likelihoods for the "Consort of 
Muslcke" and "Gustav Leonhardt" In the rightmost column In 

15 a lower part of Fig. 20 are values obtained by the 

normallaatlon and the cross-checking of the retrieval key 
recognition likelihoods of the speech retrieval key leading 
candidates "Consort of Muslcke" and "Gustav Leonhardt" and 
the related information recognition likelihoods of the 

20 concert date information, so that by cross-checking the 

related information recognition likelihood of the place of 
the concert candidate and the values in the rightmost 
column in a lower part of Fig. 20, the cross-checking with 
the two related attribute information of the concert date 

25 information and the place of the concert information can be 
realized. The relevancy of the places of the concert shown 
in Fig. 21 with respect to the speech retrieval key leading 
candidates "Consort of Muslcke" and "Gustav Leonhardt" is 
Judged from the retrieval key attribute database 17-2. 

30 As a result, as shown In Fig. 22, "Consort of Muslcke" 

has the related attribute of "Suntory Hall", so that by 
multiplying the respective normalized recognition 
likelihoods of 0.2897 and 0.0397, the new recognition 
likelihood of "Consort of Muslcke" becomes 0. 01150 » whereas 

35 "Gustav Leonhardt" has the related attribute of "Casals 
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Hall", so that by multiplying The respective normalized 
recognition likelihoods of 0.2593 and 0,0833, the new 
recognition likelihood of "Gustav Leonhardt" becomee 
0.02160, 

5 From this result, the dialogue leading unit 14-2 

determines that the speech retrieval key leading candidate 
"Gustav Leonhardf for which the highest retrieval key 
recognition likelihood is obtained as a result of the 
recognition likelihood cross-checking is the speech 

10 retrieval key* and commands the query and response 

generation unit 14-3 to generate a message for presentation 
to the user, according to the dialogue leading scheme. 

The speech output unit 16 outputs the determined 
candidate presentation message of **You wish to attend a 

15 concert of Gustav Leonhardt on March 3 at the Casals Hall, 
correct?** . 

The user's response "Yes" to this presentation is 
entered from the speech input unit 12 and sent to the 
speech Identification unit 13. The speech recognition unit 

20 13-1 carries out the speech recognition processing using 
the YES/NO type template database 17-4 p and the speech 
recognition result output unit 13-2 sends the recognition 
result to the dialogue control unit 14. 

The result adjustment unit 14-1 sends the recognition 

25 result "Yes" received from the speech recognition result 

output unit 13-2 to the dialogue leading unit 14-2, and the 
dialogue leading unit 14-2 Judges that the correct speech 
retrieval key has been determined and determines to finish 
the dialogue. 

30 As can be seen from the above description. In the case 

of the large scale speech recognition target words, the 
recognition processing requires a long time and moreover 
the recognition accuracy is not 100% by the current speech 
recognition technology so that It Is difficult to achieve 

35 the task requested by speech from the user within a 
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prescribed period of time. Namely* the user must be kept 
awaiting while the system carrl s out the speech 
recognition, and when the candidate presented after waiting 
turns out to be the recognition error, it is necessary to 
5 repeat the query and response until the correct candidate 
is presented or another speech input is requested and the 
user is kept awaiting again, so that it is difficult to 
achieve the task through natural dialogues similar to 
dialogues with the human operator. 

10 According to the second scheme of the present 

invention described in this embodiment, the importance 
levels are defined for all data according to the 
statistical information such as access frequencies, and the 
speech recognition database is provided in forms of a 

15 plurality of statistically hierarchlzed databases in which 
data are subdivided and hierarchically structured according 
to the importance levels. Also, the virtual real time 
performance for the speech recognition processing is 
realized by utilizing difference in the recognition time 

20 due to difference in the number of data contained in these 
databases . 

Also, by setting a threshold for the recognition 
likelihood of the speech recognition processing, the 
effective narrowing down is realized by inquiring the 

25 related attribute information when there are a small number 
of highly reliable recognition results. When the number of 
highly reliable recognition results is greater than a 
prescribed number, or when there is no highly reliable 
recognition result, or when the first candidate is negated 

30 by the user as not the correct retrieval key, there is a 
possibility that the correct retrieval key candidate is not 
contained in the highest level statistically hierarchlzed 
database, so that the recognition target is shifted to the 
lower level statistically hierarchlzed database, and 

35 Incompleteness of the speech recognition accuracy is 
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compensated by carrying out the cross-checking with the 
related attribute Information. Also, by carrying: out the 
retrieval key determination related query to continue the 
dialogue, the natural dialogue Is realized while pretending 
5 as if the speech recognition processing Is carried out for 
all the data. 

Note that this interactive information retrieval 
method is easily applicable to systems in which the task Is 
conventionally achieved by the human operator, such as the 

10 seat reservation in which a seat is to be determined using 
a price of the seat as attribute, and the station search in 
which a station name is to be determined using a route as 
attribute. In addition, this interactive information 
retrieval method is also applicable to the name search in 

15 which the retrieval key is a name of a person, by providing 
a plurality of attributes such as address, sex, job, age, 
telephone number, etc., as the related attribute 
information and utilizing them in suitable combination. 

20 Referring now to Fig. 23 to Fi&. 31, the third 

embodiment directed to the above described third scheme of 
the present invention will be described in detail. 

Fig. 23 shows an exemplary configuration of a speech 
recognition based interactive Information retrieval 

25 apparatus in the third embodiment of the present invention. 
This interactive information retrieval apparatus comprises 
a central processing unit (CPU) 110, a memory device 120, a 
database 130 and a user device 140. Here, it is also 
possible to connecte the CPU llO and the user device 140 

30 through a network. 

The CPU 110 is a major component of this interactive 
information retrieval apparatus, which comprises an input 
request unit 111, a speech recognition unit 112, a 
recognition result adjustment unit 113 and a user interface 

35 (speech interface) 114. Note that these elements ill to 114 
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can be constructed by utilizing hardware and software of 
the general purpose computer in practice. The memory device 
120 is a work memory of the CPU 110 which stores various 
programs and intermediate processing result data as well as 
5 an attribute value leading candidate group 121 and a 

recognition target retrieval key cndidate group 122 to be 
describied below* It is also possible to provide this memory 
device 120 as a built-in element of the CPU 110. The 
database 130 is an external memory device of the CPU 110. 

10 which comprises a speech recognition database 131, an 

attribute database 132 » and a YES/NO type template database 
133. The user device 140 comprises a speech input unit 141 
and a speech output unit 142, and exchanges data with the 
CPU 110 basically in forms of speeches. 

15 Fig. 24 shows an exemplary configuration of the speech 

recognition database 131, and Fig. 25 shows an exemplary 
configuration of the attribute database 132. Note that the 
YES/NO type template database 133 In this embodiment 
basically stores only "Yes" and "No" data so that its 

20 configuration will not be described here. 

As shown in Fig, 24, the speech recognition database 
131 contains retrieval key candidates, and attribute values 
of attribute items of the retrieval key candidates 
separately for each attribute Item. In general, a large 

25 scale speech recognition database comprises the number of 
retrieval key candidates that cannot be processing within a 
prescribed real time. Also, as shown in Fig. 25, the 
attribute database 132 contains attribute value candidates 
for each attribute item separately. The number of attribute 

30 value candidates is in general set to be the number for 
which the recognition can be finished in real time. 

Fig. 26 shows a processing procedure for the retrieval 
Key determination in this embodiment. The outline of the 
operation of the interactive information retrieval 

35 apparatus of Fig- 23 will now be described with reference 
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to Fie- 26. 

The Input request unit 111 determines an attribute 
Item to be used in selecting* the recognition targ*et words 
that can be processed in real time, and notifies the 
5 determined attribute item to the speech recognition unit 
112 while also requesting the user to enter the attribute 
value of the attribute item through the user interface 114 
(step S41). The user listens to the attribute value input 
request through the speech output unit 142. and enters the 

10 attribute value from the speech input unit 141 (step S42). 
When the attribute value is entered from the user 
through the user interface 114. the speech recognition unit 
112 carries out the speech recognition processing for the 
input attribute value by referring to the attribute 

15 database 132 and calculates the recognition likelihood of 
each attribute value candidate for that attribute item 
(step S43). At this point, the recognition likelihood is 
calculated as a similarity (distance) between the input 
attribute value and each attribute value candidate, for 

20 example • 

The recognition result adjustment unit 113 receives 
each attribute value candidate and its recognition 
likelihood from the speech recognition unit 112, extracts 
those attribute value candidates which have the recognition 

25 likelihood greater than or equal to a prescribed threshold 
as the attribute value leading candidates, and stores them 
in the memory device 120 (step S44) . Then, the recognition 
result adjustment unit 113 searches through the speech 
recognition database 131 using these attribute value 

30 leading candidates as keys, extracts retrieval keys that 
have the same attribute values as the attribute value 
leading candidates for that attribute item, and stores them 
as the recognition target retrieval key candidates in the 
memory device 120 (step S45). 

35 By the above operation, the recognition target 
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retrieval key candidates are narrowed down to the number of 
words that can be processed In real time. After this, the 
control is returned to the Input request unit ill a&ain. 

The input request unit 111 requests the user to enter 
5 the retrieval key through the user interface 114 I step 
S46J - The user listens to the retrieval key Input request 
through the speech output unit 142 » and enters the target 
retrieval key from the speech input unit 141 (step 847). 
When the retrieval key is entered from the user 

10 through the user Interface 114 » the speech recognition unit 
112 carries out the speech recognition processing for this 
input retrieval key using the retrieval key candidates 
stored in the memory device 120 as the recognition target, 
and calculates the recognition likelihood of each retrieval 

IS key candidate (step S48), At this point, the recognition 

likelihood is calculated as a similarity (distance) between 
the input retrieval key and each retrieval key candidate, 
for example. 

The recognition result adjustment unit 113 outputs the 
20 retrieval key candidates in a descending order of the 
recognition likelihood to the user through the user 
interface 114 p and carries out the confirmation process 
with the user until the retrieval key Is determined (step 
S49), More specifically, the recognition result adjustment 
25 unit 113 outputs the retrieval key candidates In a 

descending order of the recognition likelihood to the user, 
^'Yes" or "No" entered by the user in response is recognized 
at the speech recognition unit 112 by referring to the 
YES/NO type template database 133. and this result is given 
30 to the recognition result adjustment unit 113. This 

operation is repeated until "Yes" is returned from the 
user . 

Note that the processing algorithm and procedure shown 
in Fig. 28 can be provided as a retrieval key determination 
35 program whloh Is described in a language that is executable 
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by a computer and recorded in a compurer readable recording 
medium such as floppy disk, CD-ROM, or memory card, for 
example ► 

In the following. The inreracrlve Information 
S retrieval method of this embodiment will be descrlobed for 
a concerete example. Here, the case of applying the 
interactive Information retrieval method of this embodiment 
TO The determination of an address from 4.000 cities or 
towns in Japan will be described. 

]0 This elty/town determination has 4,000 cities or Towns 

as The recognition target which cannot be processed in real 
Time according to the current speech recognition 
technology. For this reason* the prefecture to which each 
city or Town belongs is selecTed as the attribute item 

15 here. There are only 47 prefectures in Japan, which can be 
processed in real time. 

Now, the exemplary case of determining " Yokohama will 
be described. 

Fig. 27 shows an example of the speech recognition 

20 database 131 to be used for the city/town determinaTlon, 
and Fig, 28 shows an example of the attribute database 132 
to be used In the city/town determination. In the case of 
the city/town determination, as shown in Fig. 27. the 
speech recognition database 131 contains 4,000 cities or 

25 towns which are the retrieval key candidates, and each city 
or town has attribute items such as a prefecture to which 
each city or twon belongs which Is one of 47 prefectures 
existing In Japan, a district to which each city or town 
belongs which is one of 8 districts existing In Japan, and 

30 whether or not each city or town is located on seaside. 
First, the Input request unit 111 inquires the 
prefecture which Is the selected attribute Item, to the 
user. The user enters "Kanagawa" which Is the prefecture to 
which "Yokohama belongs. The speech recognition unit 112 

35 carries out the speech recognition processing for 
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"Kanaffawa" usini: the attribute database 132, and calculates 
the recognition likelihood of each one of 47 prefectures 
(attribute value candidates). Fie. 29 shows an exemplary 
recognition result for ''Kana^awa*' in which the candidates 
5 are arranged In a descending order of the recognition 
likelihood. 

The recognition result adjustment unit 113 selects 
those attribute value candidates which have the recognition 
likelihood greater than or equal to the prescribed 

10 likelihood threshold of 0.8 as the attribute value leading 
candidates among the recognition candidates for '*Kanagawa** . 
In this example, there are two attribute value leading 
candidates *'Kagawa'* and **kanagawa". Then, the recognition 
result adjustment unit 113 extracts the cities or towns in 

15 Kagawa and Kanagawa as the recognition target. Fig. 30 
shows a list of the extracted recognition target. 

Next, the input request unit 111 urges the user to 
enter the target city or town which Is the retrieval key. 
In response, the user enteres ''Yokohama*' from the speech 

20 input unit 141. The speech recognition unit 112 calculates 
the recognition likelihood of each city or town In Kagawa 
and Kanagawa that is extracted as the recognition target 
with respect to the input retrieval key "Yokohama", and 
outputs the recognition result. Fig. 31 shows an exemplary 

25 rercongltlon result. 

The recognition result adjustment unit 113 then 
carries out the confirmation process with the user for the 
recognition result sequentially from the top candidate. In 
this example, •'Yokohama" is outputted as the first (top) 

30 candidate having the highest recognition likelihood, so 

that "Yokohama" can be determined by a single confirmation 
process • 

Now. using the example described above, the method of 
this embodiment will be compared with the conventional 
35 method for narrowing down the recognition target by 



-85- 



uniquely determining the artrlbute value by carrying: out 
the confirmation process even for the attribute value. In 
the conventional method, the determination of ^'Kanagrawa" 
requires two confirmation processes because ''Kana^awa" is 
5 outputted as the second candidate in the recognition result 
based on the recognition likelihood calculation with 
respect to the input attribute value as shown in Fig, 29, 
so that time for two confirmation processes will be 
required before the retrieval key input. In contrast, this 

10 time for two confirmation processes is unnecessary in the 
method of this embodiment. 

In the following, the comparison of the processing 
time required in the method of this embodiment and the 
conventional method will be described for a concrete 

15 example. It is assumed that, when the recognition target 
words are 100 words or less, the speech recognition 
accuracy is 70% and the input speech is always outputted as 
one of the top three candidates. Namely, it is assumed that 
a probability for the input speech to be outputted as the 

20 first candidate is 70%, a probability for the input speech 
to be outputted as the second candidate Is 20%, and a 
probability for the input speech to be outputted as the 
third candidate is 10%. It is also assumed that, when the 
recognition target words are 300 words or less, the speech 

25 recognition accuracy is 60% and the input speech is always 
outputted as one of the top four candidates. In this case. 
It is assumed that a probability for the input speech to be 
outputted as the first candidate is 60%. a probability for 
the input speech to be outputted as the second candidate is 

30 25%, a probability for the input speech to be outputted as 
the third candidate is 10%. and a probability for the input 
speech to be outputted as the fourth candidate is 5%, 

The attribute item is selected such that the number of 
attribute value candidates becomes 50 or less, and the 

35 number of retrieval key candidates belonging to each 
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attribute value becomes 100 or less. Here, for the sake of 
simplicity, the speech recognition processing time T is 
regarded approximately as equal to 0 in the case of the 
number of words that can be processed in real time. The 
S number of words that can be processed in real rime is 
assumed to be 300. A time required for one confirmation 
process is assumed to be S (sec). 

In the conventional method, the attribute value 
recognition Is completed in real time T (sec) because the 

10 number of attribute value candidates is 50, and at a time 
of determining the attribute value by the confirmation 
process carried our sequentially in a descending order of 
the recognition likelihood, the number of the confirmation 
processes required is one (required time of S (secj) at 70% 

15 probability, two (required time of 2S (sec)) at 20% 

probability, and three (required time of 3S (sec)) at 10% 
probability so that the attribute value determination will 
require 0.7 x s 0.2 x 2S -r 0.1 x 3s = 1 . 4S (sec). Then, 
the recognition target is narrowed down by using the 

20 attribute value and the retrieval key Input is urged to the 
user. Here, the speech recognition processing is completed 
In real time T (sec) because the number of data belonging 
to one attribute value is 100 or less. From the assumption 
on the recognition accuracy, the number of the confirmation 

25 processes required in the retrieval key determination is 
one at 70% probability, two at 20% probability, and three 
at 10% probability, so that the retrieval key determination 
will require 1.4S (sec) on average similarly as the 
attribute value determination. Thus the retrieval key 

SO recognition and determination will require T ^ 1.4S ^ 1.4S 
(sec). Consequently, under the above assumption, the 
overall time required for the retrieval key determination 
will be 1.4S * 1.4S * 2.8S (sec). 

On the other hand, in the method of this embodiment, 

35 under the same speech recognition accuracy, the attribute 
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value recognition will require T (sec), and the correct 
attribute value Is always outputted in the top three 
candidates because tne number of attribute value candidates 
is SO or less, so that top three attribute values will be 
5 stored as the attribute value leading candidates. Then, the 
retrieval keys belonging to these top three attribute value 
leading candidates are extracted and the retrieval key 
input Is urged. Here, the number of recongltlon target 
retrieval keys becomes 300 or less because the number of 

10 data belonging to one attribute value Is 100 or less. The 
recognition for the retrieval key is completed In real time 
T (sec), but because the number of the recognition target 
retrieval keys is 300. the number of the confirmation 
processes required in the retrieval key determination is 

15 one (required time of S (sec)) at 60% probability, two 
(required time of 2S (sec)) at 25% probability, three 
(required time of 3S (sec)) at 10% probability, and four 
(required time of 4S (sec)) at 5% probability. Thus the 
retrieval key determination will require 0.6 xS-r 0.25 x 

20 2S 0-1 X 3S * 0.05 X 4S = 1-6S (sec), and the retrieval 
key recognition and determination will require T ♦ 1,6S = 
1.6S (sec). Consequently, the overall time required since 
the start of the user input until the retrieval key 
determination will be 1.6S (sec) because the time required 

25 for the attribute value determination is T o (sec). 

From this result. It can be seen that the method of 
this embodiment can reduce the retrieval key determination 
processing time considerably compared with the conventional 
method that narrows down the recognition target after 

30 uniquely determining the attribute value, 

As can be seen from the above description, when the 
retrieval key candidates to be entered by speech from the 
user are a large number of words that cannot be processed 
In real time, because there is a limit to the number of 

33 words that can be processed In real time and the 
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recognition accuracy is lowered for the larger number of 
words according to the current speech recognition 
technology, the real time processing is realized by 
narrowing down the recognition target by using the 
5 attribute value of the attribute item of the retrieval key. 
However, the recognition accuracy cannot become 100% even 
when the recognition target is narrowed down, so that the 
confirmation process with the user is necessary in order to 
determine the input of the user. 

10 The attribute value input is an indispensable process 

for the purpose of realizing the real time speech 
recognition processing from a viewpoint of the system, but 
the inability to Immediately enter the retrieval key that 
the user really wants to request appears circuitous to the 

15 user, and the repetition of two confirmation processes for 
the attribute value determination and the retrieval key 
determination causes further stress on the user. 

In the third scheme of the present invention described 
in this embodiment, the retrieval key determination is 

20 realised without carrying out the attribute value 

determination, so that the confirmation process for the 
attribute value determination is ellmlated and the circuity 
due to the repetition of the confirmation processes and the 
processing time required for the retrieval key 

25 determination are reduced, and thereby stress on the user 
is reduced. This scheme is particularly effective for the 
Input speech determination using a large scale database as 
the recognition target. 

30 Referring now to Fig. 32 to Fig, 39. the fourth 

embodiment directed to the above described fourth scheme of 
the present invention will be described in detail. 

Fig. 32 shows an exemplary configuration of a speech 
recognition based interactive information retrieval 

35 apparatus in the fourth embodiment of the present 
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Invention, This Interactive Information retrieval apparatus 
201 comprises a speech Input unit 202, a recognition target 
data extraction unit 203 » a sp ech recognition unit 204, a 
recognition candidate output unit 205. and a speech output 
5 unit 206, The recognition target data extract unit 203 

utilizes a recognition database 207 that comprises a speech 
recognition database 207-1 and a response database 207-2, 
The speech recognition unit 204 utilizes a speech 
recognition device 208. and the speech output unit 206 

10 utilizes a speech output device 209. 

Fig. 33 shows an exemplary overview of the speech 
recognition database 207-1 that is to be recorded in a 
recording medium. 

The speech recognition database 207-1 Is formed in two 

15 hierarchical levels for generic concepts and specific 

concepts, where the retrieval key to be requested by the 
user is a lower level data. The higher level has the number 
of words that can be processed in real time, while the 
lower level has a large number of words that cannot be 

20 processed in real time. Every lower level data has a 

dependecy with respect to one higher level data, and the 
number of the lower level data that are dependent on one 
higher level data is set to be the number that can be 
processed in real time. Also, by utilizing the bias in the 

25 access frequencies for the large number of the lower level 
data, as many of the lower level data as the number that 
can be processed in real time are selected in a descending 
order of the access frequency, and marked "H" to form a 
high frequency access data group that is to be stored in 

30 another memory separately from the other lower level data 
that are marked "L** . 

In the Interactive information retrieval apparatus 
201. when the speech is entered by the user at the speech 
input unit 202. the identification of data to be selected 

35 as the recognition target is carried out at the recognition 
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tare t data exxracrlon unit 203 according to the Input 
speech. 

Flg^, 34 shows a processing procedure o:f the 
Interactive Information retrieval apparatus 201 In this 
5 embodiment . 

When the retrieval key is entered by the user at the 
speech Input unit 202 (step S5l), the recognition target 
data extraction unit 203 specifies the high frequency 
access data group as the recognition target data, among the 

10 lower level data In the speech recognition database 207-1 
for which the recognition and the retrieval are to be 
carried out aX higher priority first (step S52}. 

Then, the speech recognition processing is carried out 
at the speech recognition unit 204 (step S53), and the 

15 recognition result is outputted at the recognition 

candidate output unit 205 (step S54) . At this point, the 
recognition candidates are outputted In a descending order 
of the calculated recognition likelihood. The speech output 
unit 206 outputs the confirmation query while presenting 

20 the outputted retrieval key candidates in a descending 

order of the recognition likelihood to the user (step S55), 
Here, the number of times for which the confirmation query 
can be outputted in the confirmation process is specified 
In advance by the interactive information retrieval 

25 apparatus 201* 

When a response to the confirmation query is entered 
from the speech input unit 202 (step S56). the recognition 
target data extraction unit 203 specifies the response 
database 207*2 of the recoernltion database 207 as the 

30 recognition target data, and when the response "Yes*' is 
recognized at the speech recognition unit 204 and the 
recognition candidate output unit 205, the retrieval key 
determination success is notified to the user at the speech 
output unit 206 (step S57). 

35 When the prescribed number of the confirmation queries 
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for the retrieval key candidates are all negated by the 
user (the response "No" Is recognized at the speech 
recognition unit 204 and the recognition candidate output 
unit 205) (step S58 NO), the speech output unit 206 carries 
5 out the related query for inquiring a generic concept of 
the retrieval key that is contained in the higher level 
data to the user (step S59). 

When the response to the related query is entered from 
the speech input unit 202 and recognized by the speech 

10 recognition unit 204, the recognition target data 

extraction unit 203 extracts the lower level data that are 
dependent on the recognized generic concept as the 
recognition target from the speech recognition database 
207-1. and then the retrieval key originally entered by the 

15 user is recognized at the speech recognition unit 204 again 
(step S60). Then the confirmation query for the retrieval 
key candidates that are outputted in a descending order of 
the recognition likelihood at the recognition candidate 
output unit 205 is outputted from the speech output unit 

20 206 (step S61). The confirmation process is repeated until 
the response "Yes" is obtained from the user with respect 
to the confirmation query (step S62) . When the response 
"Yes" is recognized the retrieval key determination success 
is notified to the user (step S63). 

25 In the following » the interactive information 

retrieval method of this embodiment will be descriobed for 
a concerete example. Here, the case of applying the 
interactive information retrieval method of this embodiment 
to the determination of an address from cities or towns In 

30 Japan will be described. 

In the clty/down determination, it Is assumed that the 
number of times for which the confirmation query can be 
outputted In the confirmation process for the retrieval key 
candidates In a descending order of the recognition 

35 likelihood Is set to be 3 when the recognition target Is 
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The high frequency access data group, 

FLs^ 35 shows an exemplary speech recognition database 
to be used In the city/town determination. Here, the cities 
or towns that can be the retrieval keys are the lower level 
5 data in the speech recognition database, and the 

prefectures in Japan are selected as the higher level data. 
There are 47 prefectures in Japan which Is the number that 
can be processed In real time, every city or town has a 
prefecture to which it belongs, and the number of cities or 

10 towns belonging to one prefecture is 50 at most which can 
processed in real time. Also, the access frequencies in the 
case of using the city/town determination for telephone 
number guidance or the like is utilized as the access 
frequencies for the cities or towns, and 50 (the number 

15 that can be processed in real time) cities or towns in a 
descending order of the access frequency are specified as 
the high frequency access data group. Fig- 36 shows an 
example of cities or towns constituting the high frequency 
access data group. 

20 First, the exemplary case of determining "Yokohama" 

will be described. 

When "Yokohama" is entered from the speech input unit 
202, the recogrnltlon target data extraction unit 203 
extracts the cities or towns belonging to the high 

25 frequency access data group (such as Sapporo, Hakodate. 
Chuo, Kagofihiraa, etc., in Fig, 35) as the recognition 
target data among the lower level data in the speech 
recognition database 207-1. Here, "Yokohama*' is data that 
is contained in the high frequency access data group. The 

30 result of the speech recognition processing at the speech 
recognition unit 204 is oatputted at the recognition 
candidate output unit 205 In a descending order of the 
recognition likelihood. Fig, 37 shows an exemplary output 
result In which the first candidate is "Yokosuka" , the 

35 second candidate Is "Yokohama", the third candidate is 
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"Yotsuffl" and so on. 

The speech output unit 206 outputs the confirmation 
query for the retrieval key candidates In a descending 
order of the recognaition likelihood to the user. Since 
5 "Yokohama" Is the second candidate in Fig. 37, "Yokohama" 
can be determined as a correct one by two confirmation 
queries . 

Next, another exemplary case of determining "Yokokawa'' 
will be described, Uere» "Yokokawa" is data that is not 

10 contained In the hlffh frequency access data crroup* 

When "Yokokawa" Is entered from the speech Input unit 
202. the reco^itlon target data extraction unit 203 
extracts the high frequency access data group as the 
recognition target data, and the speech recognition 

15 processing is carried out at the speech recognition unit 
204. Pig. 38 shows an exemplary result outputted from the 
recognition candidate output unit 205. 

Then, according to the result of Fig. 38, the speech 
output unit 206 outputs the confirmation query for the 

20 retrieval key candidates "Yokohama". "Yokosuka", and 

"Yokoyama" in this order. In this case, the response "No" 
is entered from the speech input unit 202 for all the 
confirmation queries, so that the interactive information 
retrieval apparatus 201 urges the user to enter the 

25 prefecture to which the retrieval key "Yokowaka" belongs 
from the speech output unit 206. When the user's response 
"Gunma" is entered from the speech input unit 202, the 
recognition target data extraction unit extracts all the 
lower level data belonging to Gunma, that is 41 cities or 

30 towns in Gunma. as the recognition target data. Then, the 
speech recognition processing for "Yokokawa" is carried out 
at the speech recognition unit 204 again, and the retrieval 
key candidates are outputted from the recognition candidate 
output unit 205. Fig. 39 shows an exemplary output result 

35 in this case. 
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Then, The confirmation query for the retrieval key 
candidates in a descending order of the recognition 
likelihood is outputted at the speech output unit 206. 
Since "Yokowaka" Is the first candidate In Fig. 39. 
S "Yokokawa"' can be determined as a correct one by one 
confirmation query. 

AS can be seen from the above description. In the case 
of using a large number of speech recognition target words* 
there is a limit to the number of words that can be 

10 processed In real time and the recognition accuracy is 
lowered for the larger number of words according to the 
current speech recognition technology, so that the 
conventional system forces the user to first enter an 
efficient retrieval assist key by which the recognition 

15 target can be narrowed down to a small number of retrieval 
target words that can be recognized by the system at good 
accuracy In real time, rather than the retrieval key that 
the user really wants to request. 

According to the fourth scheme of the present 

20 invention described in this embodiment, the speech 

recognition database is formed in two hierarchical levels, 
where the retrieval keys that can be requested by the user 
are set as the lower level data and the retrieval assist 
keys In the number of words that can be processed In real 

25 time with respect to which the lower level data have 

dependency are set as the higher level data. Moreover, the 
higher level data are selected such that the number of the 
lower level data (retrieval key candidates) that are 
dependent on one higher level data is the number that can 

30 be processed in real time, and the number of the lower 
level data with higher access frequencies that can be 
processed in real time are stored separately in another 
memory* such that the high frequency access data group is 
selected as the retrieval and recognition target: at higher 

35 priority. 
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Uslnff this specifically devised database 
conf Isuraxlon. If the retrieval key Is contained In the 
high frequency access data group, the retrieval key 
determination can be realized In real time, uslne only the 
5 Input of the retrieval key that the user really wants to 
request, without carrying out any related query for 
inquiring the generic concept as the retrieval assist key. 
Even when the retrieval key is not contained in the high 
frequency access data group, the retrieval key that the 

10 user really wants to request is entered first, and then the 
assisting generic concept is entered « which is natural from 
a viewpoint of the user, rather than forcing the user to 
start from the assisting query for inquiring the generic 
concept flrsr In order to realize the effective narrowing 

15 down In the system as in the conventional system. 

As described, according to the first scheme of the 
present Invention, It becomes possible to provide a speech 
recognition based Interactive Information retrieval scheme 

20 capable of ascertaining the target Information by 

determining the attribute values without making the user 
conscious of the time required for the speech recognition 
processing and the retrieval, and without causing 
unnatural dialogues with the user due to Incompleteness of 

25 the speech recognition processing. In this scheme, in a 
process for determining the attribute value necessary in 
order to ascertain the target Information, the recognition 
target attribute value can be determined even when the 
number of attribute values exceeds the number that can be 

30 processed within a prescribed period of time, by utilizing 
a method for narrowing down the recognlrlon target words 
that can return a response with a tolerable level of 
accuracy for the user without making the user to have a 
feeling of being kept awaited, and a method for 

35 ascertaining Input that can realize the reduction or the 
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omission of th confirmation processes. 

Also, according to the second scheme of the present 
invention. It becomes possible to provide an operator-less 
speech recognition based Interactive Information retrieval 
5 scheme using speech dialogues based on the dialogue control 
which Is capable of determining the retrieval key entered 
by the user through natural dialogues. In this scheme, the 
retrieval key can be determined using a large scale 
database having the retrieval target words that cannot be 

10 processed within a prescribed period of time, without 
making the user conscious of the time required for the 
speech recognition processing and the database matching, 
and without causing unnatural dialogues with the user due 
to Incompleteness of the speech recognition processing. 

15 such that the task of determining the speech retrieval key 
entered by the user can be achieved In the operator^less 
speech recognition based Interactive Information retrieval 
system, without making the user conscious of the waiting 
rime, through dialogues that have both quickness and 

20 naturalness equivalent to a human operator based system* 
Also, according to the third scheme of the present 
invention, it becomes possible to provide a speech 
recognition based interactive Information retrieval scheme 
using a large scale database as the recognition target, 

25 which is capable of ascertaining a retrieval key entered by 
the speech input while reducing stress on the user* In this 
scheme, the retrieval key Is ascertained without carrying 
out the attribute value determination, such that the 
confirmation process for the purpose of determining the 

30 attribute value is eliminated and the circuity due to the 
confirmation process is eliminated, while the processing 
time required for the retrieval key determination is 
shortened , 

Also, according to the fourth scheme of the present 
3S inentlon, it becomes possible to provide a speech 
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recogiiltlon based Interactive information retrieval scheme 
capable of realizing the retrieval that has both quickness 
and naturalness in determining the retrieval key from a 
large scale database. In this scheme, the recognition and 
5 the retrieval are carried out without making the user 
conscious of the waiting time and incompleteness of the 
recognition accuracy during the recognition even when the 
retrieval key that the user really wants to request is 
entered immediately at the beginning, by utilizing the bias 

10 in the access frequencies of data in the large scale 
database, in the retrieval aimed at determining the 
retrieval key entered by the user using the large scale 
database as the recognition target . 

Thus, according to the speech recognition based 

IS interactive information retrieval scheme of the present 
invention, the ambiguity in the recognition result of the 
initially entered speech input and the ambiguity in the 
recognition result of the subsequent speech input entered 
In response to the related information query can be 

20 simultaneously resolved by the cross-checking process for 
checking the relevancy of these recognition results, and 
this is a factor that contributes to the capability of 
returning an appropriate response to the user in short 
time* 

25 It is to be noted that the above described embodiments 

according to the present invention may be conveniently 
Implemented using a conventional general purpose digital 
computer programmed according to the teachings of the 
present specification, as will be apparent to those skilled 

30 in the computer art. Appropriate software coding can 

readily be prepared by skilled programmers based on the 
teachings of the present disclosure » as will be apparent to 
those skilled in the software art. 

In particular, the interactive information retrieval 

35 apparatus of each of the above described embodiments can be 
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conveniently Implemented in a form of a software package. 

Such a software package can be a computer program 
product which employs a storage medium Including stored 
comput r code which is used to program a computer to 
5 perform the disclosed function and process of the present 
invention. The storage medium may Include, but Is not 
limited to, any type of conventional floppy disks, optical 
disks, CD-ROMs, magneto-optical disks. ROMs, RAMs, EPROMs, 
EEPROMs, magnetic or optical cards, or any other suitable 

10 media for storing electronic instructions. 

It is also to be noted that, besides those already 
mentioned above, many modifications and variations of the 
above embodiments may be made without departing from the 
novel and advantageous features of the present invention. 

15 Accordingly t all such modifications and variations are 
intended to be included within the scope of the appended 
claims. 
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